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PLANT AND MACHINERY 
By J W. Hinchley, A.R S M , Wli. Sc., F.I.C , 

Jsmfanf Profemi, Impenal College of Science ^ Technology^ 
South Kensington, H W 


Peehaps in no department of activity has so much progiess been made 
through the war as m chemical engineenng It is difficult and in many 
cases undesirable to give a complete account of the new developments 
that have taken place in the industry through the necessity of success 
in the war and freed from the factor of uncertain competition. 

ContinuQjis processes and plant have supplanted familiar discon- 
tinuous methods , new materials have come into general use, and 
improvements of local materials of all kmds ha^e been made to meet 
the needs of the chemical engineer 

The best chemical stoneware was formerly obtained from Germany 
by chemical manufacturers all over the world. Several manufacturers 
in this country and in America now claim, with substantial reason, that 
their products! have never been surpassed Other makers are tfUrmng 
out chemical stoneware of satisfactory quality for the uses to which it 
may be put, but frankly admit that they are still on the road of 
improvement 

Perhaps it is more to he remarked that the designs of our manu- 
facturers of pipes, condensers, injectors, cocks, etc , show a considerable 
advance on pre-war practice. The use of the diamond tool m producing 
true working faces in stoneware has made cocks and similar fittings 
of some makers more rehable than was formerly thought possible. 

Silica ware, which had defimtely established its position seven years 
ago, has continued tio be of the greatest possible service in the produc- 
tion of pure acids Posed cascade basins of this material are now used 
for the denitration ofmixedacids. Pot coolersfor concentrated sulphuric 
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acid are nearly universally made of IjJus material Retoits up to 
75 litres capacity have made possible larger scale operations 6n ceitam 
pure materials than formerly. Owmg to the small coefficient of 
expansion and sompwhat brittle character of silica, worms and cooling 
pipes are usually exposed to Che air and cooled by water trwlding over 
them ; fractures and leaks are thereby readily (detected 

Ceratherm is a new material which is similar to silica ' ware un 
having aiow^coefficient of expansion, but is capable of standing greater 
stresses and replacing stoneware in difficult wtuations. It is useful for 
&st condensing vessels and pipes m positions where the temperature and 
other conditions are severe, and where its first cost is justified. Centn 
fugal pumps of this material (armoured) are said to he very successful' 
The use of brickwork in chemical plant construction has increased 
enormously, and the reliabihty of certain new cements has enabled 
manufacturers to do without any sheet lead covering wbch was for- 
merly necessary The well known brands of blue bnck, metalline, 
ohsidiamte, non, &c., have retained their high character and several 
new brands have also appeared. The great success which h^s attended 
the construction of scrubbers, concentrators, and other plant working 
under comparatively high temperature conditions in the concentration 
of sulphunc acid and similar processes, of cemented brickwork with little 
or no metal protection or support, has been due to the scientific use of 
certain cements which have been known for some time, but which were 
not understood One of the most successful of these cements^ consists 
of acid-resisting sihceous material mixed with a very small proportion of 
calcium sulphate, and made mto a thin paste with sodium silicate 
solution After the brickwork is completed the structure is exposed 
for a few days to a temperature of about 100° C or more With good 
foundations, solid design, and well-made plant of this nature, no failure 
through cracks or other defects takes place, and the size of units may 
be enormously increased with a conse{j[uent lowering of the o'ost of 
production 

Chemical cast iron has become better known during the last few 
years, although the importance of usmg a special material for chemical 
purposes, even now, is not properly appreciated In spite of the 
development of acid-resisting irons, chemical cast iron is likely to 
remam the best material for mtnc acid stills and similar purposes, 
while for general construction it must continue to be the most important 
material of ■jffie chemical engineer 


^ Charce and Hunt:, Holley and Webb, Eng. Pat 110238, 1917 , J , 1917, 1237 
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Evaporators with tubular heaters for corrosive and other solutions, 
such as ammonium nitrate, caustic soda, &c,’ which necessitate the 
use of chemical cast iron, have been improved greatly. A very efficient 
type,* using very long tubes, has been mado more "efficient and given 
a longer liffi by the invention of a method of casting very long, small- 
bore cast iron tubes. Eormerly such tubes were made of suitable 
length by means of wrought iron sockets, so that the hfe of the tube 
was deter&ined by the life of the sockets^ while the number of tubes 
which could be used m a given space was reduced. Homogeneous 
cast iron pipes of 2 inches bore and abqjit 15 feet long are now made 
by well-known cast iron founders, by means of an ingemous method 
of supporting the cores. It is, of course, well understood that the use 
of metal chaplets to support the core or of any material which remains 
in the metal is out of the question on account of the rapid corrosion 
which would occur 

The highest qualities of cast iron ( ' shell container ” or ” semi- 
steel ” quality) have been found of great value m substitution for 
steel where- the conditions have not been too severe High-pressure 
apparatus of steel can now be made without the trouble formerly 
experienced Electric steel castmgs are also available and autoclaves 
of forged or cast metal are readily made. Anti-corrosive steels and 
self-hardening steels, m which great advances have been made, are 
often of value to the chemical engineer for stirrers, rabbles, and rakes 
in furnace operations 

The most important recent alloy is iron-sihcon, which is sold under 
the trade names, Tantiron, Duriron, Ironac, Nafti, &c The best 
brands of this alloy contain about 15% of sihcon with mimmum 
quantities of other substances, especially graphite and phosphorus 
The tensile strength of simple cast rods is about three-quarters df that 
of cast iron, but owing to its high shrmkage its strength in use cannot 
be relied upon, except for the smaller and sunplest castmgs. Unfor- 
tunately most castings are porous just below the sfan, and this porosity 
is often the cause of failure in use Its resistance to corrosion by nitric 
and sulphuric acids is so remarkable, that it has rapidly estabhshed 
itself as a standard material for these substances Pipes, cocks, 
coolers, nitric acid condensers, &c , which were formerly made in stone- 
ware, are now commonly made in iron-sdicon, and on account of their 
higher heat conductivity and greater strength, show important 
conomic advantages 


2 Kesstner “cUiubing-film ” evaporator. 
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Unfortimatelv the inetah cannot he machined except ^ith gieat 
difficulty : hut ^lercury-hardened drills are often capable of pro- 
ducing a satisfactory hole The wording faces of cocks and valves and 
similar true surfaces ard p*'oduced by grinding with emery wheels. 
Basins for use m the cascade system of sulphuric acid concentration 
have been made for some time in this material, but recently plants 
with bas&ns 3 feet in diameter have displaced those taking the ordinary 
12-mch size. Plunger pumps and fans are also made m iron-silicon 
alloy, and in &ome cases have been successful, while in oth^s ^lactiire 
of the castings ha^ been a continuous source of trouble With careful 
design to avoid sipck and vibration, a flexible drive good workmanship 
and material, there is no reason why these machiSies should not be 
always successful. The alloy does not resist hydrochloric acid or 
chtorides well 

Many other acid-resisting alloys have been proposed, and a few 
very expensive ones have come into successful use. Nickel containing 
from 15% to 50^ of chromium resists nitric acid perfectly, is yery 
ductile, can be forged, and has a high tensile strength (60 tons per 
square inch or more) It does not form a scale when heated to redness, 
and has the highest ‘‘ red-hardness of all alloys It is an excellent 
substitute for platinum in many plants, especially catalytic chemical 
plants. The success in recent years of the electric stove, electric 
laboratory furnaces, hot plates, etc , is due to the excellent properties 
of this material Unfortunately, it is slowly attacked by hydrochloric, 
sulphuric, and hydrofluoric acids. 

Acid-resisting aluminium alloys generally owe any good qualities 
they possess to the presence of a small percentage of chromium (less 
than 1 %) 

Pfatmum substitutes have also appeared which are aWoys containing 
gold and palladium 

Although the improvements made in plant during the last few years 
have been very great indeed, at the same time, on account of the market 
conditions, there has come into use in non-mumtion industry a very 
large amount of plant of the crudest and most unsatisfactory kind, 
which will be scrapped as soon as the war is over. Most of the improve- 
ments have been made by the apphcation of well-known scientific 
principles, and as a result of the industry being dependent upon itself 
for its eqmpment. Plant, which was formerly of- foreign origin, has 
been made on the spot, and in many cases of enormously increased 
efficiency. 

The “ Kek disintegrator has become very popular on account 
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of its simple design, convemertee in use, ^nd high efficiency It is a 
horizontal disc disintegrator -with an enclosed spfrai geftr drive 

Excellent discontinuous and continuous ball mills are now made 
wholly m Britain Formerly even the American 'makers imported 
German porcelain bodies An ingenious modification of the ball null 
has come into considerable use The trunmons are made hollow so 
tha! treatment with gases or vacuum drying may be carried oiii during 
the grinding operation 

Several new- roasting fifrnaces have recently been f)ut to work 
A mechamcal salt-cake furnace,® specially adapted for the treatment 
of common salt with nitre cake for the production of hydrochloric acid, 
should be mentioned. A series of rabbles of high-speed steel, fixed to 
a frame, are reciprocated by means of an electro-motor, stirring up 
the material during the reaction and gradually pushing the exhausted 
mass to the exit of the furnace, where a screw conveyor removes it ; 
the rabbles are bent towards the exit to secure this result. On account 
of the increasing reliabihty of the rotary mechamcal pyrites burner 
large number’s have been installed both with air- and with water-cooled 
arms By ananging the lower hearth as a muffle heated by producer 
gas, coal, or oil fuel, such burners have been peitectly adapted for 
roasting blende The popularity of these furnaces may be readily 
understood from the fact that the power required is less than h p. 
per ton-day output, one man can attend to six or more furnaces, repairs 
cost about 2d per ton, and rich gases are readily jbroduced. A simple 
mechanical muffle furnace with one hearth of similar design for 
special roasting operations, has also been introduced 

In evaporating and distilling plant great strides have been made 
by the application of scientific principles. It is now w'eU understood 
that hqmds and gases are very bad conductors of heat, and thar the 
most efficient heating methods involve either radiation oi mechanical 
transmission. The Bopecourt system of surface combustion is an 
example of the former method, and film, spray, and similar evaporators 
are examples of the latter. The more violent the agitation of the 
heated and heating fluids, the more efficient will be the heat conduction. 
By lowering the static level of the hquid in ordinary evaporators the 
evaporation may often he increased as much as 50 %, and in the climbing 
film evaporator, m which velocities of over 200 feet per second 
are obtained, the efiqct of high velocity of the heated fluid on the heat 
tuansmission is very jironounced 


2 Six and Gutfcmann, Eng Pat 4236, 1915 , J , 1916, ^21 
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In multiple effect evapoy:ation an average temperature difierence 
of about 30° C ‘kas b<!en usually considered the most efficient practice 
in that the plant charges, first cost,, repairs, and depreciation are not 
immoderate In recent years ten-efiect plants, with aterage tempera- 
ture difierences of about 15° C , have come into use m operations not 
involving serious corrosion A new departure has nDw been taken on 
the lines suggested by Siemens m 1868, and has been carried tn practecal 
results 

Working with very small temperature difierences to 5° C ), with 
film, spray, or similar method of supplying the liquid to the- heating 
surface, it is possible to compress efliciently the vapour given ofi so 
as to raise its temperature to that of the heating steam Two systems 
of doing this have been devised In one the increased pressure is 
obtained by means of a turbine fan,^ and m the other by means of a 
steam jet,® the steam supphed being the heating steam from the 
boiler It is obvious that the entering liquor can be heated to near 
the evaporation temperature by a heat exchanger receiving the con- 
densed water The turhine-fan method presents the least mechamcal 
difficulty and the highest efficiency, but the steam jet method may be 
more suitable for cnemical purposes 

The efficiency of such evaporators is remarkable, single-effect 
evaporators giving results superior to those of ten-efiect evaporators 
of normal type Used in conjunction with a “ finisher,” they may 
d.isplace multiple plants for many purposes. 

A vSry efficient form of heating surface for stiUs for chemical work 
IS formed by a baift: of horizontal field tubes. The tubes are fixed 
at one end and closed at the other, steam being supplied through an 
inner tube, so that they are easy to replace and give a high coefficient 
of h»at transmission 

A simple crystalliser to handle the concentrate from the “ finisher ” 
consists of an inclmed cooled rotating cylinder provided iiTCernally 
with a fixed scraper to detach the crystals as they form 

A number of attempts to avoid back pressure in the rectifying columns 
of stills have been made without efficient result The provision of spirals 
of increasing twisU m the heating tubes of stiUs and condensers is found 
to give increased heat transmission by increasing the agitation of the 
fluids. Such spirals used m mtric acid condensers have been of value. 

Soderluni and Boberg eraporator 
^ Jraclie and Bouillon evaporator. 

s British. Dyes Ltd , Metcalf, and Welch, Eng Pat. 104!969, 1916 , J , 1917, 537 
^ Groodwmanfl Gruttmann, Eng Pat 14165, 1915, J, 1916, 1145 
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Scrubbers and wasiiers are great interest to tbe cbemical engineer. 
Filling materials are constantly being devised to meet bis demands 
and jdeas The well-known good properties of coke as a filling material 
have been imitated by an artificial pumice stone produced by melting 
glass wiih a small percentage of carbon. Of fillmg materials made of 
stoneware, blue brick, and similar materials, ‘‘ propeller, ” E B E , 
“diabolo, ■ and many other cell forms have become popular. Tubular 
scrubbers have also been introduced with success 

Several developments in gas washers and scrubbers have been 
made. In mechamcal washers, the use of a stuffing-box for the rotating 
shaft may be avoided by providing a deep collar on the shaft, working 
m a deep groove next the bearing inside the casing. The washing 
liquid being continually thrown from the edge of the collar into the 
recess, forms an excellent seal to the washer,® which is free from the 
friction and wear and tear of a stuffing box. 

The space-surface advantages of an annulus have been made use 
of m a gas washer and cooler,® m whiSih the gas is subjected to sprays 
of water while in the annular spaces of a tubular app^atus A simple 
form of atomiser has been mtrodnced which is especially useful for 
thick liquids, and is provided with lateral jets to brdkk up the annular 
stream before it reaches the mam atomising jet. 

The Cottrell or similar apparatus for the electrical deposition of fume 
and dust has been adopted in several chemical plants. For the deposi- 
tion of fume from GaiUard and other concentrators, phosphoric acid and 
similar plants the apparatus has been very successful. Where, how- 
ever, sohd as well as liqmd particles are present, plant is not so 
well thought of At one concentrating plant about 25 tons of 
40% to 50% sulpbmic acid is recovered daily from the fume With 
dry dust such electrostatic plants give very good results, especially in 
cement and similar industries * 

The GaiUard concerttrator for sulphuric acid has become a standard 
plant for large outputs, as the Kessler plant is for moderate outputs, 
the cascade plant being only useful for small outputs. The Earris- 
Thomas plant, in which the concentration is carried out in sUica ware 
tubes, appears likely to become a serious competitor to the latter 
The Gilchrist concentrator, consisting of an overheat concentrating 
pan with a simple scrubbing tower for the effluent, is also a simple 
plant suitable for mejimm outputs. For phosphoric acid concentration 
itrwould appear to be very well adapted. 

« Davifi, Fng Pat 104465, 1916 , J., 1917, 447. 

* Christoplier, Eng Pats. 10040, 1916, and 103561, 1916; / , 1916, 914 j 1917, 
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In filtration plant some^advances kave been made, but the most 
noticeable feature of fecent times is tbe enormous home manufacture 
of the ordinary filter press The naechanicai accuracy of the plates 
and frames of sueh presses^ often determines their e&ciency m use. 
With truly parallel plates and frames the pressure is.evenl}^ distributed 
over the jointing faces, and the life of the filter cloth is a maximum from 
that point of view Truly parallel plates and frames can onfy be m*ade 
on commercial lines by maehmmg both sides of the plate &r frame at 
one operatiojji, preferably in a double-hi&aded faciij| latjie^ holding 
the plate stationaiy between |(he cuttmg heads 

The use of fired porous clay for filtrationhas increased greatly, and 
filters specially 'adapted for its use have become standard plant. 
For very fine precipitates m acid solutions such filters are most 
sajisfactory. The filtering surface is practically permanent and does 
not clog, so that the same filtering efficiency is always obtained. This 
filter usually consists of a lead-lined steel cyhnder carrying a number 
of filtering trays which can be moved on rails into and out of the 
cylinder. Outlet* pipes from the trays, with temporary joints in the 
cylindrical shell, provide for the outlet of filtrate The trays are filled 
with the sludge to* be filtered, and compressed an is admitted to the 
cylinder after mabng the joints , on admitting water to the trays 
the cakes can be washed before opening the cylinder for their removal 

In presses having cages for the removal of liquid from plastic or 
other materials some important development has taken place. Delicate 
filtering*surfaces can be protected by coarsely-perforated plates to 
support tbe pressifte, the material “ arching ” over the holes ami 
efiectively reheving the filtering surface The filtering is thus earned 
out at low pressure while the mass is bemg submitted to a much higher 
one. • Porous filtering tiles have been used in such pressgp with pressures 
up to half a ton per square inch 

Among subsidiary steam plant an interesting steam trap must be 
mentioned, called the “ dynamic impulse steam trap ” In other steam 
traps the water discharge is determmed either by the contraction of 
parts through the cooling effect of the condensed water, or by the 
accumulation of condensed water actuating a float In this trap a 
water-hammer action opens the discharge valve in a series of pulsations 

Adequate regulation of steam boilers to give the highest duty has 
received a great deal of attention Simple automatic proportional 
regulation 9t the feed-water to meet sudden de^mands for steam n 
obvifiusly unsatisfactory. Fluctuations in the level of, the water in 
the boilers shoffid occur in some relation to the maximum and minimum 
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demand for steam, so that an increase mjoad should be accompanied 
by a relalive decrease in feed and a decrease tn lo|d by a relative 
increase m feed, the water level /ismg or falling with a decrease or 
increase in load* respectively Kegulators fof this purpose are being 
installed in works where fuel control was formerly unheard of 

A simple form of regulator (Cope’s) consists of an inclined tube 
placed at the water-level and connected to the steam and water space 
of the boilei. Expansion or contraction of tljis tube through the presence 
of steam or water actuates clever controlling the feed Jhe upper and 
lower eMs* of tke expansion tube correspond to the maximum and 
minimum water-levels, and the time lag which occurs m its action 
becomes a valuab|j source of thermal storage to meet*sudden loads. 
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FUEL. 

By L S. S Brame, 

JProfmar of Chemniry, JRoyal Naval College, Gieemoich 

Coal 

Constitution. 

There is little to record in connection with the extension of the 
knowledge of the composition of coal R. V. Wheeler summarised 
recent work on tile subject before the London section of the Society, 
and Mane Stopes gave an interesting account of the pal^botany of 
coal 1 These papers were discussed by the Newcastle section,® when 
J. T Dunn summarised the present state of our knowledge of the 
constituents of coal as practically negligible and no greater than it was 
m 1908, after Bedson published his results on pyndine treatment. The 
only new step seemed to be Wheeler’s extraction of the pyridine extract 
with chtoroform, by which the separation of this extract into two 
characteristically deferent bodies was accomphshed. One of these 
appears to be of resimc origin, the other a degradation product of 
cellulose previously regarded as not soluble in pyndine ® 

A* WahU has further examined the action of pyridine and qmnoline 
as solvents, with results generally" m agreement with other work; 
the pyridine extract had practically the same ultimate composition as 
the original coal Wahl also examined the coals on the Imes of metallo- 
graphic analysis, a method suggested by the writer in 1916 as likely 
to afiord valuable information. A polished surface was etched with 
pyndine. F. Fischer and W. Gluud® extracted ligmtes with liquid 
sulphur dioxide and obtained typical resmous substances. 


^ See Sapp to J., p. 6, Jan, 31st 1917. 
e J, 1917,156 

3 meeler and Clarli, Chem Soc Tram, 1913,108, 1704, J. 1913, 969 
♦ £tll Soc, Ohm , 1917, 21, 76, J, 1917, 634 
fi Ber., 1916, 4», 1469, J., 1916, 1001. 
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Terres® lias investigated tl?e conditioii, m wHch nitrogen probably 
exists in loal By distillation of a number of tiitrogcn compounds of 
difierent character be found tbai ammes or substituted amino-com- 
pounds were the only ones yielding ammyma, and concluded that the 
nitrog^ous- ammpnia-yielding constituents of coal were protein m 
character When coal fs coked from 40%-60% of the nitrogen remains 
in the coke ; this is concluded to be in the form of mtride, an^ 90% is 
recoverable as ammonia on gasification . ^ 

The condition in wbch*water exists in coal was the, subject of an 
important^paper by B Mack and G A pdett ^ • 

Detei^mation and Spntaneous Igmtion of Cool 

The effect of storage upon the properties of coal has been further 
studied by S W Parr.^ • 

The work has been a continuation of experiments on “ The 
Weathering of Coal/’® “The Occkided Gases in Coal/’^® and “The 
Spontaneous Combustion of Coal For the work on “ The Weathenug 
of Coal/’ cia^-lot samples were stored for one year The investigation 
was continued for five years longer, when the coal was used m boiler 
tests to establish the character of the various samples The most 
serious part of the problem of coal storage relates to the matter oi 
spontaneous heating, and probablv the least serious part to deterioration 
and actual loss of heat value The general conclusions as to oxvgen 
absorption are confirmatory of other recent work, including that of the 
author and his colleagues, but particular interest attaches to the further 
information available on the part played by pjTrites, a subject investi- 
gated by Winmill and dealt mth m last year’s Report Parr estimated 
the sulphur in the sulphuric anhydride form in samples at the time of 
grinding and sogie six months later, at the same time tracing the Sffect 
of fineness of dimsion on the rate of change The growth of sulphate is 
shown m the table onp. 18 

Whth one exception the coarse, or 10-mesh material, showed little 
or no indication of sulphur oxidation, whilst with fine dnisioii five out 
of seven samples show that oxidation occurs at room temperatures 
Further tests emphasised the fact that oxidation of sulphur increased 
m activity as the size of the particles decreased and the superficial area 
in any given mass correspondingly increased , also that free moisture 

6 J. QMeuaJd , 191^, 59, 519, J, 1917,586 
*7 Amei J 1917,43,89, J, 1917,378 
® Bull Wo 97, Eng Experimental Station, Univ of III 
9 Bull 88, 1909 10 Bull 32, 1909 


11 Bull 46, 1910 
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was an important factor S|mples in which both the water and thi 
sulphur contents were Ifigh, showed an increase in the sulphur*oxidatioi 
over those samples low in water and«ulphur 


Moisture 

Per cent, 

• 

Tolul suiplmr. 
Per cent 

SO3 

60-mesh, 
August, 1912 
Per cent. 

.SO 3 • 
60-mesh, 
April, 1913 
Per cent 

] 0 -mesh, 
Apfil, 191 3*. 

Per cent 

• 

6 33 

• 5 29 

0 95 

• • 

1 46 • 

• 0«86 

8 84 

*2 27 

• 0 39 

0 38 1 

0 !8 

4-49 

4 92 

0 47 

0 49 1 

0 25 

4 86 

. 5-46 

0*63 

1 25 I 

] 12 

7 66 

2 73 

0 61 

M2 * 

0 86 

7 93 

5-20 

1 42 

1*79 

0 82 

8 05 

• 

4 83 

0 62 

1 20 

0-81 


In summarising bs conclusions regarding spontaneous heating, 
Parr concludes that the oxidation of organic material in freshly mined 
bituminous coal is active, the action increasing ivith finenesp of division 
and increased temperature ; he gives first place in time and efiect to 
this action Oxidation of sulphur in the form of pyrites is active in 
presence of moisture and when there is fineness of division, but tbs 
latter action waits somewhat upon the rise of temperature duo to 
organic oxidation before the action with sulphur reaches a serious 
phase It IS true also that a coal may heat seriously even though 
pyritic sulphur is absent. 

The loss of heating value is most rapid dimng the first week when 
the average loss is about 1% ; additional loss of from 2 to 3% may occur 
by the end of the first year. At the end of six years the indicated losses 
m sofne cases equalled nearly 11%. A study of there||tive ash values 
corresponding to the various stages of indicated heat losses reveals a 
constant lowenng of the percentage of ash, tb^ being due to increase 
of weight of the mass with apparent decrease of ash 

These facts seem to afford basis for the statement that the actual 
heat losses m stored coal are apparent rather than real ; the true heat 
losses are those due to escaping gases and the heat generated by direct 
combination with oxygen Both of these are held to be practically 
negligible 

The increase of weight on storage was found to ])e greater m covered 
hmsjihan iifthe open, so that coal stored in the open showed a low« 
loss of heating value than when stored under cover The leaching out 
of soluble matter in the open accounts for tbs 
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The breaking down of coahon storage's a recognised action, leading 
to consi^rable increase m small coal After dhe an!! a half years the 
amount of coal passing a f-in.'screen increased after six 

years, 12*6% to 31% The process of jaxKlation* of orgamc matter 
may be as* respo^isible for this breafang down as the oxidation of 
finely divided pyritic sulphur 

* Boiler tests on the weathered coal showed that a stronger draught 
was requfted, not necessarily due to a 'high dust factor It would 
appear that o^gen ahsorfition leads to a slower rate^of combustion. 
Burning weathered coal is iaigely a question of correct handhng and 
Ignition. Fires should be thinner ; the draught should he greater, and 
it was found that»the fuel bed should not approach nearer to the water- 
back than from 4 to 6 in, otherwise trouble is experienced with 
chnkermg Under suitable conditions piactically as high capacity 
and over-all efficiencies could be obtained, with weathered coal as with 
fresh screenings 

The influence of pyrites on the osdation of coal was also investigated 
bv T. J D|akeley,“ who showed that p}Tites has a ‘minor eflect on the 
oxidation of coal , it is a subsidiary factor, but caunot be ignored 
A further paper by Drakeley^^ (jg^ls with the liberation of hydrogen 
sulphide from gob fires m coal mines The author says that the evolu- 
tion of this gas from such fires is undoubted, and concludes that it 
might be formed by reduction of sulphur dioxide by the hot coal To 
test the point sulphur dioxide was passed m a stieam ot moist carbon 
dioxide over coal heated to 500° C , the tar removed and the gases 
passed through concentrated sulphuric acid, thi hydrogen sulphide 
being quantitatively estimated by absorption in acid copper sulphate. 
The quantitative results axe open to question, for it is well known that 
the gas is decomposed by sulphuric acid with the iibeiation of sulphur ; 
indeed m expcnments with coal and sulphur the author mentions 
accumulations of sulphur m the sulphuric acid wash bottle 

Drakeley has, however, shown that hydrogen sulphide is evolved 
by simply heating coal , by passing sulphur dioxide over heated coal ; 
by heating coal with sulphur or pyiites ; by passing water vapour or 
hydrogen over heated pyntes Moisture is found to play an important 
part in all these reactions. 

The experiments are held more particularly to refute a conclusion 
arrived at by Y. B Lewes, that iron pyrites had no connection with the 

Clem ^%oc. Tmne,m% 109 , 723, J, 1916, 1001. 

12 Clem Soc T,afii , 1917, 111, 853, 7,T9l7, 1089 
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spontaneous testing of coal kcause in tine case of spontaneous com- 
bustion sulptiir evolved as hydrogen sulphide and not as sulphur 
dioxide, “ as would he expected if sulphur had anything to do with the 
fire'’ Drakeley’s results * certainly contradict such an assumption, 
but this was only one link m a chain of evidence against any important 
action of iron pyrites Lewes recognised the possible action of pvntes, 
wluch, ht pointed out, might, under smtable conditions, gife nse'to 
ferrous sulphate aid sulphur dioxide, with hberation of fre'e sulphur, 
which element would play an important p^rt in lower/ig the miiition 
point Lewes called attention to the fact, often oveilooked, that 
oxidation of sulphur took place at as low a temperature as C0° C and 
concludes the only way m which pyrites can a&sis1»*the spontaneous 
ignition of coal is that when it oxidizes it helps the general rise of 
tenfperature, and by swelling splits up the coal, thus exposing fresh 
suifacos to the action of atmospheric oxygen.” The large amount of 
research work on the subject in recent years has not in anv way con- 
tradicted this statement 

Combustion op Coal 

• 

An elaborate research on the combustion m the fuel bed of hand- 
fired furnaces was earned out by H Kreismger, F. K. Omtz, and C E 
Augustine.^ Two thicknesses of fuel bed were employed, 6 in. and 12 in., 
and three fuels, bituminous coal, coke and anthracite The rate of 
comhustipn was varied from 20 lb to 185 lb, of fuel per sq ft of grate 
per hour Three zoijes were distinguished m the fuel bed, though these 
were not well defined, as there was naturally overlappmg The zone 
nearest the grate comprised that in which oxidation of carbon to 
carbon dioxide took place, the maximum percentage of this gas being 
12% to 18% at a height of 2 in to 3 pi above the giator With a 6-in 
fuel thickness, and using bituminous coal or anthracite, all free |)xvgen 
was used up at 3 in to 4| m above the grate With coke of the same 
thickness the oxygen had not all disappeared until a height of 41 in 
to 6 in was reached With 12 m beds of coal and anthracite the 
results were similar. The maximum temperatures attained ranged from 
1120° C. to 1500° C , and were reached at about the same height as 
maximum carbon dioxide 

The middle zone is one where reducing actions predominate, the 
carbon dioxjde bemg reduced to monoxide. The rate of reduction 
is dependent on temperature and time of contact (as is well known iif 

W Bmau of Mms, Tech, Taper 137; J, 1917, 919 
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the case of gas-producer practsce) equilibjium being rapidly established 
for the ctimponents carbon dioxide and monoxide atd carbon at the 
high temperature of the fuel bed*. At about 1330° (the mean tempera- 
ture of the hot zone) contact for i seconds would insure conversion of 
98 % .to ea:rboii monoxide This reducing zone extends almost to the 
surface of the fuel bed * 

* An important observation was that the fusion of ash clinker 
took piac5 in this reducmg zone, the half -molten, sgticky mass sinking 
towards the ^ate then ^lidified, although actually ^passing into a 
region where the temperature was at thf highest, f leldner and Hall^“ 
and Fieldner and Feild^® found that the fusion of coal ash took place at 
lower temperatives m a partly reducing atmosphere than in either 
a strongly reducmg or oxidizing one 

The upper zone was a distillation one, the volatile products from^he 
fuel being driven oS This extended for about 2 in. from the surface, 
and was considerably overlapped by the reducing zone. 

At the surface of the bed there was always from 20/^ to 32% of 
comhustib]^ gas present The tar and soot drawn o5 with the gas were 
separated, and their weight compared with that of the combustible 
gases. Approximately the tar and soot compriseJ about 25% of the 
total combustible rising from the bed, and in a form difficult to bum 
m the combustion space If proper provision is not made for its 
combustion this may go ofi to the chimney as dense smoke. In some 
cases the tar amounted to over 60% of the total tar and soot, whilst 
in the case of smoke collected from the chimney of a hand-fireS tubular 
boiler there was only 3% to 6% tar. This is*said to indicate the 
decomposition of the tar into gases and soot as it passes through the 
furnace, but probably there is a good deal of incomplete combustion 
of the tar withdiberation of free carbon. • 

Most interesting results were found with variation of the air supplied 
throu|ii the grate. Within wide hmits this had no efiect on the com- 
position of the gases in the fuel bed, which remained practically constant 
m composition no matter how much air was forced through The rate 
of air supply through the grate afected the rate of combustion in 
direct proportion', the weight of air used per lb. of combustible being 
constant for all rates. Under no conditions of forced air supply was 
there any free oxygen fox the combustion of the gases escaping from the 
top, so that all air^for this purpose must be supplied above the grate, 

15 J. Ind.^nd E/ig CAm, 1916, 7, 399, J, 1915, 704 

16 Loc. at , 1915, 7, 742 ; X, 1915, 1001. t 
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and the regulation of tins an can alohe determine the percentage 
of carbon dioxide*in the flue gases With bad firing, leading to holes 
in the bed, badly fitting doors, or leak^^ brickwork, so much air may get 
into tlie combustioh space a» to lead to the erroneous idea that air 
supply over the grate is sometimes unnecessary 

The ideal way to supply additional air over the fuel bed is to intro- 
duce it close to the fuel bed as possible, thus more combustion space 
IS utilised for mixyig and burning the mixture hfixing will of course 
be best secured by dividing the air into as large a iwmbe| o^f small 
streams as possible' « 

Interesting results were obtained for the pressure drop through 
the different fuel beds The three fuels— bitummouff coal, anthracite, 
and coke— were all sized to pass through a l-]-in screen and over a 
screen The pressure drop with the coal aud coke showed no 
appreciable diSerence, but the drop was much higher with aiithiacite 
The increased resistance thus indicated was ascribed to the breaking 
up of the anthracite into small pieces under the action of heat, and the 
important conclusfon is reached that the resistance of the (fuel bed to 
the flow of air depends not only on the size of the fuel but to an even 
laiger extent on its nature, an impoitant fact to be taken into con- 
sideration in estimating the rate ot combustion foi difieieiit coals for 
a given available draught 

A paper on “ Coal efficiency m the boiler house,” by T C Otley 
and V. Pickles,^’ is noteworthy for describing the conditions for the 
satisfactory use of verv high ash coals containing a large amount of 
dufi Such poor fuel is not important m this country at present, but 
may become so at a futuie date, as our better-class coals aie reduced 
and prices become biglier Screemug tests showed that fiom 50% to 
over CK)% of the duff passed a J-m mesh sieve, and 32 %744 % over -J-m 
and through a |-m me.sh sieve At one time attempts to bupi such 
duff on a cham-grate stoker alone, and dry, resulted in 70% riddling 
through the grate To burn duff satisfactorily it should be evenly 
mixed with other coal, but bunker arrangements often preclude this 
It is generally recogmsed that duffs burn better wet , unless wet it 
goes over the grate like a blanket, giving a low furnace temperature, 
and if the draught is increased unduly, the fuel bed is broken up into 
ndges through which laige volumes of excess cold air enter the furnace, 
lowering the efficiency. The writers suggest that “ there may be some 
cheimcal explanation of the advantage of wetting, but no doubt sonfe 


J 8. Afnmn hut. Mg„ Tau , 1917, see Ingweer, 1917, 1S3, 116, 137. 
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portion of the improvement is due to ;[:he moisture expanding and 
moving tl,e particles of coal apart, thus allomfig m(li:e even access of 
air through the fuel bed.’’ Dr 5 r duff may give only 6% of carbon 
dioxide in the flue gases, but by wetting the carbon dioxide may be 
raised .to 10 5%-12% One coal in constant use contained 32*5% of 
ash, and this is considefed the practical limit for burning commerciallv 
on^cbain-grate stokers This coal often had the low calorific,value of 
7500-7700*B Th U. per lb The conditions nece&&ai;y for burning this 
type of coal ai»^(l) proper ^rch design, (2) suitable grai^ng, (3) proper 
draught, thorough saturation mt}; water With the standard 
arches the coal could not be got to igmtc regularlv, and grates had 
to be run so siow]^ that normal evaporation could not be obtained, and 
the thickness of the fires had to be increased considerably The arches 
were increased m length, raised several inches and made higher at “ihe 
back than at the front 

The authors lay great stress on external cleanliness of the tubes, &c , 
they consider this of more importance than a layer of scale of any 
reasonable thickness on the inside of the tubes, and as the dominant 
factor afiectmg evaporation output With duS it is an absolute 
necessity to soot the boilers and econoimsers thoroughly with every 
five hundred hours’ running 

As showing the advantage of this cleansing the following results, 
each on a 12 hours’ test, may be cited — 



Before 

Ait^r 


cleaning 

cleaning 


lb 

lb 

Coal burnt per sq ft grate 

68,400 

72,000 

Coal per sq ft per hour 

22 6 

23 8 

Lb. water igvaporated per lb coal (actual) 

6-86 

y 

7 m 

°/ 

Boiler efficiency * 

75 4 

/o 

78‘7 


Fulvensed Fuel for Heating and Steam Maistng 

The use of powdered coal has attracted very considerable attention 
IE the United States The possibilities of dust finng are well recognised, 
for it is probably the most scientific method of burning raw coal, and 
the utilisation of fine coal (which can with fair ease be further reduced 
to the necessary degree of fineness ; this is often dangerous by ^ason 
of its liability to spontaneous igmtion, and is of little value because of 
the difficulty of burning on a grate or gasifying in a producer) is a matter 
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of considerable economic iii?portance ' Such fine coal is, however, 
usually high in ash, aiid this constitutes one difficulty fronf slag and 
dust deposits in flues, &c 

Very satisfactory results^ have been obtained on railways in the 
United States with powdered coal. In an article on its use for locomotive 
firing, J. E. Muhlfield^* regards it as a competitor with electric traction, 
indeed ^ superior for long distance traffic, for here the use of electricity 
IS precluded hy reason of high first cost, fixed charges, mSmtenance, 
&c. Besides eliminating smoke, dust firingVas found give increased 
thermal efficiency, and excellent results are claimed to have been obtained 
as regards tonnage, speed, combustion, and steam pressure Satis- 
factory results were also obtained with powdered lignite 

Muhlfieid says that the fuel should not contain more than 1% 
moisture, and after grinding 95% should pass a 100-mesh sieve and 
85% a 200-mesh sieve. With smtable arrangements for storage 15 tons 
of the powdered fuel can be delivered from overhead bins into the 
tender m from three to four minutes. 

In this connecQon mention may be made of the use powdered 
peat as locomotive fuel on the Swedish State Eailways In comparison 
with coal, peat gave very satisfactory results With respective calorific 
values of 7740 B.Th U for peat and 12,600 B Th U per lb. for coal, 
the average kilos of steam per kilo, of coal were —peat, 4'71 ; coal, 
6*81. The boiler efficiencies worked out at 73% for peat firing and 65% 
for coal The equivalent of peat to coal as umty came to 1-45 lb 
Considerably higher fire-box temperatures were obtained for peat 
(1670° C peat, 1510°T!. coal) The peat powder was earned in a hopper 
with comcal bottom and blown into the furnace over a small coal fire 
placed beneath the dehvery nozzle The coal consumption amounted 
to 3%'-4% hy weight of peat. ^ 

In America also the possibilities of powdered coal for furnace work 
have received attention. In connection with opei^-hearth steel furnaces, 
J. W. Fuller claims that it gives a more regular supply of heat than 
producer gas, that it is much easier to powder and burn coal than to 
gasify it, and that the first cost of producer plant is eliminated. Fuel 
consumptions compare very favourably with the best producer practice, 
it being claimed that from 100 lb.-150 lb. less coal per ton of ingots cast is 
required. The steel output is increased from 10%-40%, and there is 
l%-2% less loss by oxidation of pig iron and scrap m melting down. 

r 1® Amer Soc Meeh JStig, see J', 1917, 76 

19 JBnginemng, 1916, lOg, 387 ; J , 1916-, 1097 
^ A mr Iron and Sied Inst 
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Slag IS tlie greatest difficulty and necessitfttes specially designed checkers 
and provision of slag pockets. The ash of the coal milst be low and high 
bituminous matter is necessary. ' 

A paper by C A King” records yesults of dust firing with a 
Bettington boiler» The following summarises these . — 

At normal load 
(12,0001b evaporated * At 
per hour from*and at 30% 
100°) . * Overload 

Water evaporated from /Total 12,300 lb 16,544 lb 

and at 100° C. iPerlb coal 9*io „ 9-53 „ 

Boiler efficiency .. .. 76-9% 80*0^ 

The boiler was not credited with heating the water from supply 
temperature (12° C ) to feed- water tank temperatures (wbch averaged 
for normal load 44°, and for 30°^^ overload 55°), nor was it debited 
with the power for the pulveriser, 29 B H P., which, assuming 15 lb. 
steam per K W , corresponds to 3% of the steam raised 

In the shops of the J^Iissoun, Kansas, and Texas Eailway, at Parsons, 
Kans , eight 250 h p boilers (water tube), working on coal dust, gave 
an evaporation per lb of combustible of 10 7 lb of water from and at 
212° P The flue gases showed the high carbon dioxide content of 
16 % 


Coke eor Steam Eaising 

• 

The utilisation of coke for steam laismg has, in view of increased 
difficulty in obtaimng coal at reasonable prices, received increased 
attention Although coke-breeze has long been burnt satisfactorily 
at coke-ovens%nd gas works, almost entirely m hand-fired furnaces, 
its conbustion in large power plants, with mechamcal stoking, is a 
recent development necessitated by changed conditions Eesults are 
so promising that more than one large electee generating station is 
arranging to adopt this fuel on a considerable scale 

War conditions have made coal dear and scarce, whilst coke has 
been httle afiected in price, and with mcreased carbonisation there has 
been a greater production; these factors have necessarily directed 
the attention of engineers to its advantages Prom the point of 
view of fuel cconolny the solution of the problem of u^ing ordinary 
gas works coke, suitably sized, is of great importance in coniMsction 


21 J, 1917, 114 
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with large schemes which ay m contemplation where coal will he 
carbonised fiist, aid so* the valuable by-prodncts recovered, tiiid it is 
not ooing too far to say that such schemes are largely dependent tor 
success upon the iitdisation of the coke as a steam-iaising luel From 
the nomt of view of transport and distribution tjic advantage ot 
handling one lot of coal for the gas works, which can pass on its coke 
to the po^ver plant, is evident A further advantage of coke is smokeless 
combustion , * 

Advantages^ are naturally set off by certain disa^fanta^es The 
average ash content is high, aiyi frequently the moisture is excessive 
The method of quenching the hot coke with water leaves miicli to be 
desired The draught smted to coal is insufficient for coke, but with 
ordinary hand firing the grate introduced by the London Coke Sales 
Committee has proved highly efficient and not costly to iiistal Steam 
is introduced beneath the grate and gives an impelled draught About 
dj/ of the steam output is required, but the steam has the further 
advantage of keeping the grate cool , doubtless the water-gas reaction, 
which IS strongly 'endothermic, plays an important part ijj. the com- 
bustion The above Committee has also made arrangeiiieiits for the 
supply of properly graded coke, the standards being . 0-f in , |-|- m , 
j-2 in 

Many of the factors in relation to the combustion of coke require 
further working out The most evident are the size best suited to 
difierent grates and draught conditions, the surface exposed to 
oxidation, the hardness and porosity, all will have diiect effect on 
the rate of combustron Some cokes have a hard and highly glazed 
surface, others are dull, with surfaces covered with what is presumably 
amorphous carbon One experienced engineer informs the writer 
that hhe latter kind is far easier to ignite and burn ^ 

Whilst practical considerations^ have determined that coke is 
applied to existing boilers, consideration of the fact that a high 
proportion of the fuel is burnt m the grate, the heating being largely 
due to radiation, points to different relationships m area between the 
furnace heating surface and the tube surface being required, if the 
best results are to be obtained One authority states that with direct 
radiation from coke one square foot of heating surface will give five 
times the evaporation as the same area m tube surface Closely 
connected with this is the fact that with econoipisers there is con- 
siderably le^ saving when coke is burnt than when coal is the fueb 
This is partly due to higher localisation of the heat in the boiler and 
partly to the ^mailer quantity of excess air demanded for coke. 
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One fallacy in relation to tKe comkistioii of coke is tkat little 
or, as one writer states, no secondary air is required" above the grate 
Eeference to the results obtained m the experiments bv the U B Bureau 
of Mines on combustion m a hand-fired fftrnace *{see p 20) refutes 
this assumption Mt was shown that with coke, as well as other fuels, 
the furnace acted as a gas producer, and that at the surface, and 
1-^ in above the surface of the fuel bed, a high percentage of combustible 
gases (mainly carbon monoxide with coke) were present Thus with 
a 6-m beJiancl rates oi combustion per hour ranging from ly*l lb. 
to 79 lb , and air supply through the fuel bed ranging'lrom 138 to 740 lb , 
the combustible gases at the surface averaged 14 8% of the total gas , 
inches above •the surface the average was slightly higher IVith 
12-mch fuel bed, at the surface the combustible gases averaged 23% ; 

inches above the surface, 18% Calculated on the data m the 
paper, it appears that no matter how much air is supplied through 
the grate, this will amount to close upon 82% of the theofetml air 
required per lb of combustible 

In usm^^ ordinary broken coke with chain-grate stokers the principal 
difficulties are to obtain sufficiently rapid ignition.and sufficient con- 
sumption per unit area of grate to maintain the steam output It is 
claimed that the average of 37 lb per sq ft of grate aiea can be 
obtained, but reference to published results indicates that this is prac- 
tically a top figure for coke-breeze, the smaller size of which is more 
favourable to rapid combustion Igmtion on the monng grate is 
dependent largely on the design of the brick arch In one installation 
with water-tube boilers, with a grate area of approximately 100 sq ft 
and a ratio of heating surface to grate area of 36*5/1, a counter-flow 
arrangement for the gases rising from the front section of the grate 
has been made* so that the arch at this point is maintained at as* high 
a temi^rature as possible 

Average figures for the composition and calonfic value of coke 
produced by one large London company are —Moisture, 8 5% , 
volatile hydrocarbons &c , 5 0%, fixed carbon, 72*0% , ash, 
14*5% , calorific value, 10,530 B Th U per lb 

Coal Sampling fok Analysis 

The importance of obtaining a fair representative sample for 
analysis cannot be* over-emphasised, but the difficulty of doing so 
’^ith large consignments is great With the more general introduction 
of purchase based on, rational hues of composition and calorific value, 
the matter of fair sampling is assuming greater impoHance These 
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methods of purchase are mv.ch more common in the United States 
than in this country, ^and the Bureau of Clines has issuecUa special 
Bulletin (No 116, 1916) on the subject 

For large cargoes of bOQO tons and over it is recommended that 
some 3000 Ib.-4000 lb should be drawn and sampled m s'even stages. 
First the whole should be crushed on non plates or a conciete or stone 
floor t(^l-m size, piled in a cone with a workman passing found fhe 
heap and throwiij-g the coal regularly to the top The /he is then 
to be spread yito a long heap by tliromng'out to riglpf and left alter- 
nately. This heap is halved into twm cones, one being rejected When 
about 500 lb has been obtained it should be eiushed to | in , halved 
again, and 250 lb crushed to m This is mad^k into a flattened 
cone, quartered, and opposite quarters rejected, as usual In the 
fourth, fifth, and sixth stages the sample (with quartering at each stage) 
IS reduced to in , in , m respectively The sample is then 
thoroughly mixed and further halved until finally samples of 5 lb 
each are obtained; these are placed in airtight containers, which 
should be completely filled Fox the moisture determination it would 
ob\nously be unfair to take the sample aftei all this exposure From 
the first cone ” (1-in size) l-lb lots are taken with a scoop until 
the 30 lb.-50 lb iec|uiicd for the moisture test are obtained For 
bituminous coal a variation of 2% B Tli U is allowed before making 
aiiv correction on the purchase puce 

" Liquid Fuel, 

Attention has been more specifically directed to the fuels used in 
internal combustion engines, particularly to the use of tar oils as 
substitutes for petroleum oils m Diesel engines. 

As a steain-raising fuel oil has flayed a great paiii in connection 
with the navy, and fop furnace heating in the production of slylls and 
other mumtions oil has also been an important* factor, but necessarily 
difficulties of supply of suitable oils have been encountered. The 
conditions for the successful combustion of oil fuel for steam raising 
were dealt with at length by the writer.®^ 

Lieut L R Ford, of the US. Navy, has described®® a form of 
“ difiuser cone ” for use with oil fuel burning from a pressure atomiser 
of the usual type with natural draught. The diffuser cone has an 
angle of 90°, and is adjustable on the atomiser. ‘The difiuser cone is 

£2 J Inst Feirol Tech,im, 3, 1945 J , Ml, V03. 

See Engineer, 1916, 123, 286. 



FUEL 


29 


arranged inside another truncated cone, ihe apex of which is towards 
the furnace, and by means of helical vanes fifed at' the base of this 
larger co'ne the air is supplied with a whirhng motion between the 
inner and outer cone With this arrangement it was found possible 
to vary the ‘oil pressure (which quicldy and closely regulated the steam 
production) over wide limits without smoke Steam to meet noimal 
requireme*nts could be generated with sprapng pressures of 50 lb to 
100 lb 


Tar Oils for Diesel Engines 

Many Diesel isigine sets are in use throughout the country in siiiall 
sized electric generating stations, pumping plants, &c , and the siiortage 
of petroleum oils has led to extendv-d use of tar oils As these ruh are 
native products and produced m large quantities the development of 
their use for power production is a matter of national importance 
The hehavioui m practice and the chemical and physical characteristics 
of oils mosttsiiited to the purpose are therefore of considerable import- 
ance both to chemists, producers, and users. ^ 

In general with tar oils it has been usual to employ a certain pro- 
portion of “ Ignition ” oil— a petroleum product— but m some instances 
engines have been successfully run on tar oils alone The igmtion 
point of oils IS one of their most important characteristicb, and a valuable 
contribution has been made hy H Moore on ' Spontaneous Ignition 
Temperatures of Liqmd Fuels for Internal Comhubtion Engines 
Moore found the following ignition temperatures tCent ) for the fuels 
111 oxygen —Petrol, 270°-279° , kerosenes, 251°-253^ , crude petro- 
leums 254°-275° , gas tars about 445°-465° , coke-oven tais, 488°- 
495°. low tenjperature tar. 307° Considerably higher values ^vere 
found f^T Ignition in air Petrol averaged about 100° higher than with 
oxygen , two kerosenes 142° and 180 5° , for crude petroleums the 
average was 1 48° For two shale oils the difierence was much less— 
71° and 80° Turpentine was exceptional, having the same ignition 
point in oxygen as in air (275°) 

Particular interest attaches to the comparative figures for petrol, 
benzol, and alcohol; in oxygen they were.— Petrol (aver) 273°; 
benzene (100%), 566° ; alcohol (sp. gr 0817) 395° , (in air 518°). 
It is well-known that a much higher thermal efficiency can be obtained 
mth alcohol than with petrol because of the much higher compression 


24 y,1917, 109-112 
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winch can be used without danger of pre-ignition, but although some- 
what higher compre^ion (with corresponding increased »tfficiency) 
IS possible with benzol, it is very questionable whether anything like 
as high a compression a? that suggested by the high ignition point 
found for this fuel could be safely attained 

The use of tar oil m Diesel engines was Vlmy fully dealt with by 
Porter before the Diesel Engine Users’ Association, and' valuable 
data given in th^ paper and discussion. Specifications for the oils 
are not altoge^ther satisfactory at present • The well-kiown ‘'MAN 
Co ” state that th«e oil should flow freely at 16° C , when" cooled to 
8°, and left undisturbed, no separation of solid should take place 
within 30 minutes , ash should not exceed 0 05^ , sulphur, 1% , 
and the material insoluble in xylol, 0 2% Another continental 
specification includes water, not to exceed 1% , coke residue, 3% , 
and 60 % should distil up to 300° C The open flash test should not 
be below 62° C (143 6° F ), or the net calorific value below 15,840 
BThU 

Considerable trouble was recorded as mot with in separation of 
solids at low temperatures, and some clause in any specification should 
deal with this Vfscosity at selected temperatures is also a matter for 
consideration 

The effect of carbon m the fuel showed that there was considerable 
difference of opinion , one firm’s experience was that engines could be 
run satisfactorily with as high as 8%. It was pointed out by E A 
Evans that probably the amount was not of so much importance 
as the character — ^ifhether coarse, colloidal, &c Ash in any quantity 
would act as an abrasive, and possibly cause choking of valves If the 
coking residue is high the oil is likely to give carbonising on the top 
of the piston and on exhaust valves 

To overcome troubles due to •'separation of nahpthalene in cold 
weather, P H Smith suggested that exhaust gases might b? led to 
chambers round supply tanks, or hot water from the cylinder jackets 
circulated around It had been found that the addition of 25% of 
crude petroleum oil had entirely prevented separation In this con- 
nection the patent of Arnold Philipp® according to which 8% of naphtha- 
lene IS added to increase the fluidity of thick petroleum fuel oils, is of 
interest 

The demand for a clean tax oil, meeting m every way the require- 
ments of iftternal combustion engines of the Diesel type, alrea(Jy 


J , 19V, 919. 
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exists, and will become an increasing^ demand, and chemists and 
producerf should consider carefully the reqmrements and how the 
demand can be profitably met. 

In operating Diesel engines with tar gils, with -or without pilot ]et 
Ignition, it IS necessary to advance the fuel admission, owing to slower 
burning than with peftoleum With the engine load 75% and up- 
w^ds tar oil can be used alone, t e., without petroleum ignition oil, 
which is only required for starting Pilot jet ignition, however, enables 
the engine to work steadily at lower loads, and further, such tar oils 
as are no? good enough for use alone without ignition gear may be 
successfully used , this considerably extends the choice of oil Com- 
pression at “ no Ipad ” should not be less than 480 lb per sq m , other- 
wise igmtion IS uncertain, and even if ignition is regular, combustion 
may be incomplete, leading to smoke and high exhaust temperatuT=es 
By increasing the oil inject’ on pressure by about 20 lb the engine 
runs “ sweeter ” 

Success with any oil and more particularly tar oil, is very largely 
dependent^ on the pulveriser Trouble is frequently experienced 
with choking of the holes and passages m the fuel valve casing Ail 
tar oils do not give this trouble, and in many cases it has been overcome 
by adopting another pattern of pulveriser Naphthalene has been 
suggested as the cause, hut there is little ground for this The facts 
that another pulveriser is sometimes a cure, and, as mentioned by 
Porter, that the trouble is less m summer when the oil would be more 
fluid, rather suggest that it is due to poor atomisation THe period 
between cleaning out the deposit can be considerably extended, accord- 
ing to W A Turnbull, by runmng for a short tune on a crude oil 
(petroleum), or paraffin, every 5 hours 

Very vanaffie figures were quoted for the quantity of petroleum 
Igmtion oil required Apparently under good running conditions at 
full lo^ on a good engine about 8% is a fair figure The following 
figures were given for various loads , — 50-59% load, 15% oil , 60-69% 
load, 13 9% oil , 70-79% load, 13 3% oil From a curve the ignition 
oil at full load would appear to he 10 3% of the total fuel 

For total fuel oil (tar oil and pilot jet oil) consumptions per blowatt 
hour the following figures were quoted .—Load 34 5%, oil 1 64 lb ; 
load 42%, oil 1 02 lb. , load 67 5%, oil 0 70 lb. ; load 74%, oil 0 66 lb. 
The Diesel engines at Aylesbury, W A Turnbull stated, in a period 
qf nine months generated 369,346 units on a consumption %f 75,248 lb 
of residual petroleum oil and 194,000 lb. of tar oil This corresponds 
to 0'73 lb. of total fuel oil per imit as against 0 69 lb with crude 
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(petroleum) oil. On test runs^he consumption per unit at full load was 
0 735 lb of tar oil per iBait, compared witb 0 65 lb of crude (petioleum) 
oil 

l&OTOR Spirit. 

Important “teclimcai papers” have been “published by the US. 
Bureau pf Mines on “ The Physical and Chemical Properties- of Gaso- 
lines sold throiig|j.out the United States m 1915,”^^ afid on the 
“ Properties, ^jaboratory Methods of Testing and Poetical Specifi- 
cations In connection with the last-named mention should be 
made of the exhaustive examination of methods einploved in the 
analytical distillation of petroleum carried out by ^he U S Bureau 
of Mines,-® with the thoroughness which is characteristic of these 
lalyiratones Reference only to this latter contribution to the literature 
on petroleum is permissible here, as it is hardly within the scope of 
the subject dealt with 

In dealing with the chemical and physical properties of petrols 
it is pointed out th^t three classes were bemg marketed— the “ straight ” 
petrol, obtained directly from crude oil ; blends of “ straight ” petrol 
with “casing hea^” spirit, ^e, the very volatile spirits which are 
obtained by condensation from smtable natural gas, and which are 
said to represent 10% of the total output , and blends vith “ cracked ” 
spirits. 

Very exhaustive examinations were carried out of a large number 
of comniercial petrols The specific gravity ranged generally from 
0-684: to 0 758 Those samples from eastern fields were lightest 
(0 • 683-0 • 737) ; from the Mid-contmental, 0 *707-1) '74:1 ; from Cali- 
forma, 0*725-0*749. The calorific values only differed over a range 
of 1*5%, being from 11,165-11,315 calories Sulphur was invariably 
low, 0*01 to 0*05% 

On distillation cracked spirits, or blends containing them, Sid not 
show any distinguishing features, but for blended “casing head” 
spirits the amount of distillate at low temperatures was generally 
much higher than for “ straight ” petrol, and the distillation curve, 
plotting volume against temperature, was much more uniform than 
for straight petrol 

Particular interest attaches to the quantity of unsaturated hydro* 
carbons present. Details are given for the methods of determining 

« 

« Rifctman, Jacobs, and Dean, Tech Taper 163, 1916 *' 

2S E. W Dean, Tech Taper 166, 1917 
29 mi 125, 1916 
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by lodin^ absorption (Hunt’s modificaiJon of^Hanus’ method) and 
sulphuric acid. The iodine value for “ straight ” petrol ranged 
from 0 6 to 6 5 For California spiiit the range was 0*6-1 5 , Micl- 
continental,^ 2 0-4 0 , eastern, often 4-S* Two sprats known to he 
straight ■’ gave walueg respectively as high as 5 9 and 6 5 It is 
concluded^ that a spirit showing an iodine value of 8 or over probably 
contains “^cracked” spirit, and if over 10 certainly contftns the 
latter Some marketable wholly cracked spirits gife iodine numbers 
of from*2<i-60 • • 

Iodine values and sulphuric acid absorption do not follow m the 
same order, for whilst the iodine absorption is dependent on the 
number of unsatu?ated linkages, sulphuric acid absorption is no greater 
with two or three unsaturated hnkages than with one With iodine 
values below 6 • 5 the sulphuric acid abs)Orption is negligible ‘ ’ Cracked ” 
sprats show a sulphuric acid absorption of 1-6% It is stated that 
the content of unsaturated compounds seems to cause the useis no 
inconvenience No mention is made of the troublesome “ gumming,” 
due to polymensation, which is generally found vith ” cracked ” 
spirits 

From engine tests some important practical conclusions are reached. 
All petrols can, under properly regulated engine conditions, be made 
to develop the same power If the user takes smtable care he can 
get almost as good results out of a cheap petrol as out of an expensive 
high test ” product, and the chxef element of advantage of the latter 
petrols is that they yield maximum efbciency ov|r a wider range of 
engine conditions. 

In the second paper (No, 166) the desirable properties of petrol 
are set forth as : — Not too large a percentage of highly volatile products, 
because of largf evaporation losses and excessive danger in handling 
and stepng, but sufficient must be present to permit easy startmg ; 
the percentage of heavier sprats must not be too high, so that after 
atomisation into the cyhnder the heavier fractions cannot be com- 
pletely vaporised or burned , there should be nothing leaving a residue, 
no non-combustible such as water, &c. , should be free from anything 
which attacks metal before or after combustion , and there should be 
no objectionable odour in the sprat or products of combustion 
In any specification it is deemed inadvisable to state definite limits 
for volatility, but th'U following is suggested as a good guide ‘—(a) the 
ti^perature when 20% has distilled should not be below 70° C*nor 
above whatever limit is fixed after due consideration of the conditions 
of use ; (5) the temperature when 90% has distilled shal? not be above 

0 
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another limit smiilail^ chosen , (c) the temperature read when 50% 
has distilled shall not he higher than hall- way between the’ 20% and 
90% limit (to prevent the marketmg of “ freak ” spirits which might 
be unsatisfactoiy) ", {d) the'^dry point shall not exceed the final 90% 
reading by more than 55^^ C This point is liberally fixed, but is 
intended to disciiminate against improperly distilled petrols and 
unsatisfactory blends of petrols and kerosenes 

J H Coste'’“*has determined the solidification points oi petrol 
and of acetone* using eurcka-copper thermojunctions, ♦f’etri^ sjplidificd 
at ■— 128° C , acetone at ~ 95° C The flash-point of petrols ranged 
from — 11° to — 30° C ; for acetone, — 9*5° C 

The use of coal gas as a petrol substitute is deaM with on page 43. 

Gaseous Fuel. 

In an investigation of piactical Operating Details of Gas 
Producers,” undcitaken by the US Bureau of Mines, data sheets 
of enquiries were sent out to owners of producer plants, ..and returns 
of a positive cha:ggcter obtained for 39 installations , these sheets 
asked for very detailed infoimation as to costs, character of fuel, 
consumption per h p and lor given section of fuel heel, depth of fuel 
bed, composition and calorific value of the gas, and complete data 
on operating As would he expected, many returns were ver}’ 
incomplete, but valuable inlormation was collected, which, although 
perhaps not stnotly applicable to practice in this country, is sufficiently 
important to refer to at some length 

One great argument m favour of gas plants has been tlicir suitability 
for use with inferior grades of fuel The striking lact, however, m 
this Report is that, on the whole, the grade of fuel hgs been steadily 
improving This is due to labour costs which are much ^‘educed 
with better fuel and more than counterbalance, iii many cases, the 
extra fuel cost Thus one coal producing company markets its coal 
and uses anthracite at 11 dols because the cost of operating with 
bituminous coal, if charged at 8 dols , is considerably more than the 
cost with anthracite 

The comparative fuel consumptions with difierent fuels aie given 
m the following tables Too much stress must not he hud on the 
values per square foot of fuel-bed area per hour, but from the operating 
fignies supplied, together with personal observation, they wcie legaidfid 

30 Aitalpf, 1917, 42, 168 , J , 1917, *287 
* 31 Bull 109, 191G 
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as fairl;^ representative of good comruercial practice m the United 
States 

The rate oj fuel consumption per square foot of fuel bed vanes 
radically with difierent types of plant, atid *has le^ to much difference 
m desigmng and rating In general m the United States the rate 
dges not average much more than half the consumption onginally 
guarantee^d by early manufacturers ^ 


, , Average fuel consumption in lb pei BH P koui 
{Maximum and minnnum indicated by -f and — ) 


• 

Anfchiacitc 

Bituminous 

Coal 

Lignite. 

Peat 

Wood. 

U S Bureau 
Mines 

Commercial plants 

^^-00 

1.0 + 0 7 

14 + 10 

^ ~ 0 4 

2o4 08 
" - 0 5 

o e + 0 5 
" ° - 0 6 

2 6 

3 3 


Average consumption of fuel per sq foot of fuel-hd area per how m 
good genetal piactice {Maximum indicated by +) 


Type of Producer 

Anthracite 

Bituminous 

Coal 

Ligmte 

Peat 

Wood 

Up draught— 



12 0(-l?5 0) 



Puel as fired 

10 0(-K 0) 

8 5 (+5-5) 

15 0 

14 0 

Fuel, dry 

10 0(^3 5} 

8 0(-f-5 0) 

8 5 (+3 5) 

12 0 

_ 

Doum draught — 






Fuel as fired 

— 

17 5(4-6 0) 

26-5(-+5 0) 

35 6 

— 

Fuel, dry • 

— 

16 ^(+5 5)| 

18 5(4-3 5) 

25 5 


Dov^-zone — 






Fuel as fired 

, _ 

13 5(-f5 0) 

21 5(4-6 5) 

— 

_ 

Fuel, dry 


12 5 (+5 0) 

15 0(4-4 0) 


— 


Replies on the working of the gas-cleanmg plant showed that with 
up-draught producers results were almost mvariably satisfactory 
with anthracite, bituminous coal, and ligmte With the two plants 
using wood (one stated as having a static scrubber and centrifugal 
tar extractor ; no ‘details for the other), both were reported unsatis- 
factory ; tar was reported as clogging mams and admission valviiB, and 
condensation of mmsture and tar m the mams had given trouble. 
Trouble caused by lampblack was reported in several instances. 

c2 
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For the watei used iij vapcrteirs previous investigations Iia^ shown 
consumptions of from 0 7 to 1 11) pel lb of fuel fired for up-drauglit 
prodiiceis )Yith anthiacite An average for 20 producers qu bituiiimous 
. coals stowed 0 7 lb per lb of coal With pi at centan mg 25^-110^ 
water no steam was reqmred, and m one lignite plant the water in 
the fuel was moie than sutfinent In the Buieau of Mines down- 
draught pioducer worbug bituminous fuel the vaporisei consumption 
was as low as 0 23 lb* ^ 

In the scrabloers^tlie water consumption naturally farieti wdely 
On an avirage for seven plants working on bituminous fuel the water 
per lb of find gasified was 61 lb Since the make, of gas may be 
taken as approximately 61 cub ft per lb of fiii'l, 1 ll of water was 
required per cub ft of gas, or 16 cub ft water (100 gals) per 10 CO 
cub ft of gas scrubbed 

With regaid to auxiliary power actually used in operating the plants, 
tills with up-draught producers averaged 2 8^ , with down-draught 
3 8%, but the latter includes one exceptionally lugh figure of 10% ; 
eliminating tins, the consumption is practically the same ns for up- 
draught plants » 

Metal Melting. 

With the enormous demand for alloys brought about by the war, 
the question of the best types of furnace and fuel consumptions has been 
a matter of the greatest importance, and a number of valuable papers 
on these questions have been published. At the Annual Meeting of the 
Institute of Metals several papers were read, and will be referred to 
here, more particularly m relation to fuel consumption and the relative 
merits of coke, oil, and gas for the purpose It is noteworthy that 
there h*as been a great increase in favour of coal gas fox all kinds of 
melting operations, but its use is not confined to melting Large^ steel 
annealing furnaces, other smaller ones for the heat treatment of tool 
steels and the alloy steels for helmets are largely used , wire is annealed 
by gas at a consumption of some 2000 cub ft per ton, and gas finds 
another application in heating shells for “nosing” Sir Eobert 
Hadfield has stated that his firm had used about 500,000,000 cub ft 
of coal gas in their steel works. In some large industrial towns m the 
north of England the gas consumption for industrial purposes has 
more than doubled , 

In-a paper on “Gas Furnaces, their Design and Mampulatior,”H 
A. Forshaw said that the crucible melting furnace had made great 

Mancliesier Junior Diitrict Gas Association, Nov 3id, 1917, J , 1917, 1264. 
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strides in recent years, and m the last four or five years noticeahly 
with c^al gas as fuel, but the great bulk of jjietal is still melted with 
coke The best pit type of furnace has a thermal efficiency of about 
5% The fuel consumption as a percentage of metal melted is about 
30%, ^ e , 6 cwt -7 cwt per ton of brass tDlten in the original square type . 
the percentage was m high as 150 In the old large chamber type of 
furnace with four to six pots buried in coke, the fuel coiisuuipiioa rose 
to 300%f whilst much of the metal b^ung in contact with tSe fuel and 
exposed to the gases, was of poor quality, contaniiiig much oxide and 
sulphide* Coke tilting-furnaces have an efficiency 5f about 15 'j, so 
that the fuel consumption m them is only about one tLicl of that in the 
pit type ^ 

The author emphasised the diffi^reiice in fuel consumptions obtained 
m laboratory tests and everyday foundrv practice In the former the 
life of crucibles and li mgs is not in cpirstion In the latter there is 
possible inexperience of workmen ; or a charge may be melted hut 
moulds may not he ready in sufficient number, so the metal has to be 
kept hot , men imv knock of! tor meals irrespectij^e of the operations, 
and exces*sively lugh temperatures for the metal mav be attained. Then 
the character of the charge, whether ingots of alloy, uhetliei the allo}^ 
is made from ingots of the constituent metals, the proportion and 
character of scrap, all have important influence on fuel consimiption. 
The following table of ‘‘ practical ” figures intii gas is given. 




Ai»rage 
cub it 
Gas per lb 

Average time oi 

Operation. 

Size and Type 
ot 

Crueible 

Melt in Minutes 55 






• 



Gross 

Net 

ik 

Melting common biass ingots 

60 lb (pit) 

2 40 

35^ 

25 

and scrap (60 Ca/40*Zri) 
Making gun-metal (88 Cu, iOZ i, 

1001b (pit) 

3 37 

481- 

39 

2 Sn) 

Making cartridge metal strips 

300 lb (tilter) 

3 r>4 

72 

50 

(70 Gu/30 Za) 





Ditto ditto 

600 lb (fcilter) 

3 00 

83 

SI 

Malang oupro nickel strips 

601b (pit) 

8 50 

59 

53 

(80 Gu/20 Ni) 

Melting alurummm 

600 lb (tilter) 

3 20 

49 

34 


The difference between the gross and net melting tune repiesenta pouring 
and ohargmg, and will vary in different foundnes according to the rate at which 
the moulds can be fflled. 
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The following figures are given for annealing — 


Operation 

Load 

Duration 

Cub ft per 
Ton. 


Tons 

f Hourk 


Anneahng higii-speed steel 

3i 

8 

3000 

Anneahq^ steel 

Annealing cast iron parts packed in 

3i 

m 

'6000 ' 

filings m botes * 

* 

0 89 

3 

f 
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In the senes of papers before the Institute of Metals, dealing with 
“ Fuel Economy Possibilities in Brass-Melting Furnace^” L C Harvey®* 
concludes that at least one-third of this alloy is melted in tilting furnaces, 
the jBfficiency of which on coke finng is about 15% There is, however, 
little to choose in efficiency with this type of furnace when using coal, 
coke, oil, town gas, or producer gas, if the most economical size and 
type is taken for each fuel With pit furnaces there is a marked 
difierence, and tho?e fired with town gas have the advantage^ 

For output and cost of melting the tilting furnace plant is a long 
way ahead of pit furnaces, but it has not been definitely proved that the 
quality of the alloy produced is the best Many experts consider 
that the alloy from small pots is better In tilting furnaces and 
multiple crucible pit furnaces working on town gas, 2700 B Th U is 
required per lb of brass. 

Thornton and Hartley*® state that coal gas is considerably more 
costly m terms of B ?h U. than coke, so it must prove of much higher 
thermal efficiency m practice to be a competitor A marked saving 
of fuel is obtained by pre-heating the metal Data obtained without 
pre-heating, with only pre-heating the metal, and with ^pre-heating of 
both the metal and air appear to indicate that some advantage results 
in pre-heating the air other than that accrmng from the mere trans- 
ference of the thermal energy from the flue back to the melting chamber. 
This appears to be due to the higher temperature attained in the 
combustion zone of tbe furnace 

There is great advantage in being able to pack the metal closely 
in the pots ; thus sheet scrap requires much more heat than heavy 
metal (see Table of Fuel Consumptions, p 37). 

Gr. H Brook** dealt with alloys requiring high temperatures for 
melting, suclras the copper-nickel alloy used for bullet sheaths Tests 


** J, 1917, 1051 
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on a corainercial scale were run on a coke-fired and a gas-*"fired pit 
furnace fgr 10 konrs on 10 days, when tile following fuel costs per ton 
of metal were obtained —Coke (high grade metallurgical), 36/4 ; 
gas, at Sheffiebl rates, 31/9 , gas, at preferential power rates, 24/2. 
No difficulty was experienced m obtaining a temperature of 1400° C. 
Tbe greatest saving w^-s m time ; a weight' of metal melted in 82 
minutes with coke could be melted with gas in 52 minutes, and on a 
commexcic^ scale 12 heats could be obtained m a working dty of 10 
hours with g^, whilst only on exceptional days*could 7 heats be 
obtainal with ctike * 

It IS well known that coal gas has superseded coke, after extensive 
trials of various systems, including oil, at the Royal Mint Gas firing 
was introduced in 1911, the system being a low pressure one, and the 
results recorded by W J Hockmg” show the change to have been 
fully justified Further, they are of great value because of the large 
quantity of metal melted and the systematic data of costs which have 
been kept In the five-year period, 1905-1909, 4833 tons of all alloys, 
in a similar period 1911-16, 9899 tons were melted Taking figures 
over these ^leriods the fuel costs were not greatly reduced, but the cost 
of crucibles and labour were both very materially reduced The 
following gives a comparison on one year’s working 


Year 

fuel 

Metal 

Rate of Cost pei Ton melted 

Melted 

Fuel 

Crucibles, &c 

fl 

Wages. 

Total 



Tons 

s 

s 

s. 

3 

1909 

Coke 

1198 

2i 3 

42 4 

15 7 

82 4 

1913 

Gas • 

1958 

32 1 

t 

26 7 j 

10 8 

59 6 




The results furnish valuable data for a thermal comparison of coke 
and gas Over the respective quinquenmal periods mentioned the coke 
per lb of metal amounted to 0 5525 lb , the gas to 5 4 cub ft. Good 
quality coke should have a calorific value of 12,000 B Th U per lb 
and for a fair comparison the gwss calorific value of London gas should 
be taken, 550 B Th.U per cub ft On this basis the relative B Th IJ. 
per lb of metal is ‘—Coke, 6650 B.Th U , coal gas, 3250 B Th U 
, In order to bring the values m the difierent papers 4o a common 
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basis for comparison, the results m the table below have been collected ; 
those for the Eoyal Jldint are calculated on a net calorific value of 
510 B Th U as an average for London gas The net value is taken as 
corresponding figures by Thornton and Hartley are on this basis The 
gwss values would be about^lG% higher 


Coal Gas Co'tmw'phon for Metal Melting 



Pouring 

Temp 

Average 
No of 
Melts 

Per 111 Metal 

r 

Cub it 

r r 

B Th U (net ) 

Yellow brass 

1000 

12 

f 92 

1031 

(Cu, 70 r)7,Zi,21 77,Pb,2 99, 

1000 

6 

2 25 

1203 

Rii, 1 3i) 





* 

1000 

3 

2 93 

1573 

Red hrt 5S 

iOOO 

3 

3 56 

1898 

(Cq, 87 4 , Za, 9 85 , Sii, 2 52) 

i090 




Copjter (scrap sheet) 

1220 

4 

4 98 

2568 

„ (ingot, 97 per cent , scrap, 

1220 

4 

4 31 

2252 

3 per cent) 





Qoid 

1220 

7 

3 49 

^ 1820 

iisoq 


r3 12 

1590 

Silver ' 

1090 1 

Daily 

J 5 37 

2740 

Bronze 

1185 f 

meltings 

1 8 50 

3320 

Coppei-mchl 

J3O0j 


[9 S3 

5020 


Figures for brasses and copper, Thornton and Hartley No^ calorific value of 
the gas, filS-S'iO B Th U. [net) Charges, 80-68 lb 

Other figures are for Royal Mint meltings by W J Hocbng for coinage alloys, 
B Th U per lb metal being calculated on a B Th TJ. 510 as an average figure 
for London gas ^ 

H S Primrose®’ described a simple crude oil furnace for brass 
melting in 100 lb and 200 lb. pots With high pressure burners 
(25 lb. per sq^ m ) the cutting action on the furnace’"lming and pot 
so reduced the life that it was not economical on the whole, aiohough 
the fuel consumption was lower Low pressuicr burners, the air blast 
being supplied by high speed electric fans at 12 oz pressure (20-22 in. 
water), were preferable Thirty-five minutes is required to melt 
and pour 100 lb brass, and 50-55 minutes for 200 lb 

The consumption of oil per 100 lb metal melted with high pressure 
burners was 1 5 galls. ; with low pressures, slightly over 2 galls. 
Assuming a density for the fuel oil of 0 9, and a calorific value {gioss} 
of 19,400 B Th U, the B Th U. per lb of brass melted at high pressures 
is 2p0 B Th U , at low pressure, 3500 B Th.U. 


*8 J, 1917, 323 
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Gas for Steam IJaisixg 

In a paper on “ Gas Fired Boilers,” T M. Hunter, before the Insti 
tution of Electrical Engineers,®® said that generally the efficiency of 
gas fired boilers has been low, and the* theory gained ground that 
gaseous fuel was unsuitable for boiler firing, and that it was impossible 
to obtain anything like the efhciency or the evaporation obtainable 
in the same type of boiler by coal firing In view of the very intportant 
question o! the pre-gasification of raw coal vith a* view to recovery 
of by-pjoc^cts, 4;he coke and possibly the gas also being*tised for steam 
production. Hunter’s conclusions are of considerable interest He 
states that in no case yet has gas firing of boilers with by-product 
producer gas be^ made a commercial success, as it has been found 
that steam could be raised more cheaply from the coal direct, even 
after allowing for all the income from the sale of the by-produAs 
He firmly believes, however, that there an modern prodiicei and 
boiler plants even now on the market whicli can make the gasification 
and gas firing a commercial success under smtabie conditions, and 
in the pape^i the important considerations on which success is dependent 
are considered. 

Coke-oven gas gives higher efficiencies owing to the greater ease 
with which it can be burned, and is particularly suitable for firing 
water-tube boilers With suitable combustion arrangements evapora- 
tions of lb per sq ft of heating surface can be obtained at the 
highest efficiency 

Blast furnace gas, provided it is clean and suj^lied under suitable 
pressures, gives good results m both Lancashire and water-tube boilers. 
In the formei evaporations of over 8000 lb per hour can be obtained ; 
with the latter from 5 to 5| lb per sq ft of heating surface With 
Lancashiie hoi^rs the author had^ experience of regular evaporation® 
of 900(J lb per hour from ordinary 30 ft by 8 ft boilers, or nearly 
10 lb per sq ft of heating surface, which “ corresponds very closely 
to the evaporation per sq ft claimed for the Bonecourt boiler at the 
lower sections ” A disadvantage of the Lancashire boiler on gas is 
the low temperature drop m the flues, which is not sufficient to cause* 
good water circulation 

With water-tube boilers about 80% of the load should be evaporated 
m the first bank of tubes , 15% m the second , and 5% in the third. 
The low maximum •evaporation of 5 to 5| lb per sq ft^ of heating 
surface with gas is thus accounted for It is important that sufficient 

See I,ngineen%g, 1917, 104, 613, d, 1918, iok* 
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combustion space should betprovided for the large volumes of gas to 
be burned, so that •combustion may be completed befoie passing 
through the tubes External combustion chambers cause unnecessary 
heat losses by radiation tyid conduction, and because the highest 
temperature is not attained m the immediate vicinity of the tubes. 
The usual method of gas filing of admitting flie burning gas through 
an opcgiing near the door and the an by the door is undoubtedly 
crude, yet, as the author points out, more boilers are fittird with this 
arrangement ^han with all other arrangements put t^U'ther 

The maximum flame temperature should be found in^the region 
of the boiler within a few feet of the burner, and there should be a 
minimum volume of flue gases carrpng away hca|;. to the chimney. 
When a short intense flame is required either air or gas must be under 
considerable pressure With the whole of the air supplied to a proper 
mixing arrangement no secondary air need be used, and the author 
believes that by this method, which puts the fiimace under pressure, 
and by simply drawing off the products of combustion by the chimney 
draught, there Voiild be considerable advances in boiler output 
combined with bi^h efficiency Experiments in America with water- 
tube boilers show that a smaller combustion space is needed in pro- 
poition as the air and gas are more intimately mixed in the burners 
Combustion arrangements where there is a steady pressure of gas 
are usually of the Bunsen burner type, but the liiirners must often 
consume from 80,000 to 100,000 cub ft of gas per hour, and a good 
burner provides its primary air, about 60% of the total air for com- 
bustion With intermittent gas pressures (as with many blast furnace 
plants) a type of burner on the injector principle has recently been 
developed The mixing tube is conical, expanding in cross section 
from the gas inlet to the burner nozzle The burners arc so proportioned 
that the speed of the mixture of air and gas is greater than the speed 
of the explosive reaction of the mixture, and with suitable 'liressure 
combustion takes place at the end of the cone When the gas pressure 
falls the gas burns at that point where the speed of the gas-air mixture 
corresponds to the backward speed of the flame. When gas fails 
(as with lowering of the bell) tbe flame is extiugiiished, re-igmtion 
being ensured by a small coal fire under tbe burner This burner 
automatically adjusts, over considerable variations of pressure, the 
weight of primary air drawn in to the weight oniie gas passing. 

J. B CT Kershaw*“ gives results obtained with coke-oven gas by 
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Bulow and DobWestein using tbe Terl^ck burner, wbicb ensures 
good mixtire and is provided with safety devftes to prevent back 
firing. In each case double fire flue boilers were employed 

Terbbck burner Wefer burner 


Sq ft heating surface 

1280 

1241 

Mean calorific value of gas, 

B Th.U per cub. ft 

4G1 

428 • 

Excess air supply 

1*71 

* M6 

^Evaporation per 1000 cub ft. 

gas .. 

286*5 lb 

2911b 

Evaporation per sq ft. of 



heatin^surface per hour 

.4 471b 

5*81 lb. 

Thermal efificiency (to satu- 

rated steam) 

n% 

77 6% 

Thermal efficiency wth super- 

heat 

79 2;/ 

84*6% 


• Coal Gas as a Petrol Substitute 

One of the most striking developments in the use of coal gas has 
been its wide and successful adaptation as an emergency fuel to meet 
the reqmrements arising from the great shortage of petrol The usual 
special gas bags are unsightly, and special provision has to be made 
for carrying them ; with small cars this necessitates a “ trailer ” If 
the gas could be earned at high piessures in steel cylinders certain 
advantages would anse, but there would be conipensltmg disadvantages 
in weight, in a very limited number of stations provided with the 
necessary compression plant, and in the cost of compression, besides 
a possible elenie^it of danger m the event of an accident A com- 
promise between the two extremes *may he found m the proposition 
to use a container made on the hnes of the pneumatic tyre , it is 
estimated that a 250 cuh ft container with gas at 250 lb. pressure 
would he 7 ft long, 15 m. diameter, and weigh 50 lb Gas-dnven 
tram cars have been m use at Neath for over 15 years, the gas being 
stored in steel cyhnders. 

On a gross calorific value for petrol of 144,000 B.Th U per gallon 
and for coal gas 560 B Th U per cub ft , 260 cub. ft of gas is thermally 
equivalent to 1 gall, qf petrol On this basis 1000 cub ft. of coal gas 
at 4s. would be equivalent in cost to petrol at ]ust over Is. j^r gallon. 

Several comparative results in practice have been recorded, out 
are not of the nature of scientific tests Under the best conditions 
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it appears tliat 1000 ml) fll' of gas is about equivalent to from 3 to 3-5 
galls of petrol At* Great Grimsby the motor bus serTicc%as reduced 
running costs per mile from 4 30d on petrol to 1 66d , the price of 
the petrol being *2s 2d peF gall and the gas 25 Cd per 1000 cub ft 
The “ Commercial Motor ” has published thp following data on 
bench tests on “ W D subsidy engines, ” niatle at the works of Messrs 
Dennfs Bros , Ltd , Guildford. At 1190 revs pei minute, horse power 
developed, on «oal gas 43 5, on petrol 49 5 The gas ‘‘consumption 
per hour w»s 1200 cub ft, giving 27 6 cub ft of^as p^er hp hour. 
At 1160 revs , S p developed, on coal gas 40 5, on petrol 18 0 The 
gas consumption per hour was 1011 cub ft , giving 25 0 cub ft of gas 
per h p hour r 

Unfortunately petrol consumptions are not stated Assuming 
4iowever 0 7 pint per h p hour, the petrol consumption at 1190 revs. 
IS 4 33 galls , and at 1160 revs 4 2 galls , and the quantity of petrol 
per 1000 cub ft gas is approximately 3 6 and 4 galls , a figure in fair 
agreement with that generally found m practice on the road 

Messrs Dennis Bros, have since furnished the write; with further 
particulars of tests on the two fuels with an engine having a cylinder of 
115 mm bore and 150 mm stroke At 1170 revs per minute, 41 5 
B H.P was developed with a gas consumption of 1020 cub ft per hour, 
or 24 6 cub. ft per B H P. per hour On petrol, running at 1260 revs 
per minute, the consumption was equivalent to 0 72 pint per B H P hour. 

The calorific value (Hci) of the coal gas averaged 480 B Tli U , so that 
the equivalent per B H P. was 1120 B Th U. Petrols varv but little in 
calorific value, and assuming the mt B Th U per gall, to have been 
134,500 B.Th U , the eqmvalent per B H P was 12,100 B Th U Coal 
gas shows a little higher thermal efficiency, but on an average Messrs. 
Dennis state that the B H.P obtained on coal gas is ^^out 85% of that 
obtained on petrol 

With a special coal gas carburettor (mixer ?) fitted to a Belsize 
delivery van, an average distance of 19 2 miles was run on 250 cub ft. 
gas, as against 18 miles when gas was employed with the usual petrol 
carburettor^ a result showing an improvement of nearly 7% 

Ignition and Combustion of Gaseous Mixtures 

J W McDavid” has devised a method which eliminates the time 
factor in^the ignition of gaseous mixtures, which m most previous 
n:Athods probably caused the values for ignition temperature to be too 

Chem Soo Trans, 1917, 111, 1003, J, 1917, 1264 
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low, since sufficient time elapsed before the ignition temperature was 
readied for* a process of slow combustion to ensme which generated 
sufficient heat for the remainder of the gaseous mixture to be raised 
to its ignition point In the Dixon and Cpward method the rate of 
flow of the gahes alsn has to be taken into account 

McDavid’s method consisted m brmgmg a soap bubble blown with 
the gaseous mixture in contact with a smtably heated hot bcj^y of 
small dimenaons AVith a bubble of not more thai^ 3 7 cm diam. 
mstantan^oiT^s ignjtion took place, with larger bubbles jibe nuxture 
could he made to igmte at lower temperatures Thre 0 *types of igniter 
were employed , (a) a platinum -wire {0 025 cm ) wound m coil round 
silica tubes , (5) a tylmdrical piece of iron 3 75 cm long and 1 9 cm. 
diam with a flat side and a small hole drilled just beneath the surface 
to cariw a thermo-junction (later a hole was drilled so as to expose th^ 
thermo-] imctionl The block was heated by a blowpipe , (c) a coil of 
platinum wiie (0 025 cm ) wound on two imca strips, the whole being 
3 cm long by 0 3 cm wide A thermo-couple was inserted between 
the strips Ijj ( ci ) and (c) heating was effected by meahs of an electric 
current The last arrangement (c) was finally adopted, and the tem- 
perature deduced from readings of the current passing, it being foimd 
that the thermc-junction gave erratic results 

A calibration curve was obtained by plotting current against temper- 
ature, deduced from the fusing points of potassium iodide (687° C ), 
potassium biomide (723° C ), sodium chloride (800° C.), and potassium 
sulphate (1072° C ) For this range of temperature the ammeter readings 
ranged over 1 71, so that an error of 1% in the headings meant a 
temperature variation of 4° C McDavid concluded that his results 
might be subject to an experimental error of + 3° Unfortunately no 
data for physicai properties are so widely different as those for the 
melting joint of salts McDavid’s temperatnres axe in close agree- 
ment, but not identical, with those obtamed (1893) by Meyer, Eiddle, 
and Lamb, who used a gas thermometer More receut figures (1903) 
by Kuff and Plato, nsing a platmum—platmum-indium thermo-junction, 
are ™KI, 705° , KBr, 750° , NaO, 820° ; KaSO-i, 1050° C McDa\ud’s 
selection of temperatures may be correct, but, until there is more 
certainty of the actual melting pomts of salts, absolute figures for 
igmtion pomts based on them must he accepted with some reservation. 

The results obtained, however, are of considerable interest, for they 
are" far higher than any hitherto obtamed The final value?, together 
with those of Dixon and Coward for gases, are given m the following 
table. In each case the mixture was with air. , 
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r 

McDavid 

Dixon and 
Coward* 

Hydrogen (10^) . 

747° C 

585° C 

Blethand* f 

Over 1000 

610-750 

Ethylene 

1000 ^ 

. 043 

Carbon monoxide 

931 

651 

Petrol (boiling 0°(«)-80°) 

995 


Benzem 

1062 

r 

Ether 

1033 

A — 


The higher results certainly show that theie is a great deal m the 
author’s contention that “ slow ” combustion is inflated at low tem- 
peratures under the usual conditions of experiment, this prtdiiiunary stage 
causing rise of temperature to the real (instantaneous) igmtion point. 
As alicady mentioned there may be some error m the absolute values 
for Ignition due to uncertainty of the melting points on which the 
Igniter was calibrated Further, catalytic effect of the wire may be 
considerable, and undetermined, for with sihca tubes rand Eureka 
thermo-junctions, the results for hydiogen (20%)-aii mixtures were 
in one case 30° lower than with platinum— platinum-rhodium tliermo- 
juiictions m identical silica tubes, and m others 23° and 24° lower, 
these differences being ascribed to greater catalytic effect of the Eureka 
wire 

E V. Wheeler** has further investigated the “ stepped ” igmtion 
which W. M Thornton had observed in gaseous mixtures Discon- 
tinuities, or “ steps,” were said to have been found when an impulsive 
electrical discharge caused ignition of a combustible gas and air when 
the composition was varied, the pressure being constant , and when a 
mixture of given composition was igmted, the pressure being vaned. 
Thornton observed that with methane and air, ill-defined s^eps were 
noted only when the methane content was vpied, the electrodes not 
being clean. Wheeler has been unable to detect any discontinmty m 
tbs mixture, or with hydrogen or any of the gaseous paralSn hydro- 
carbons and air, and concludes that Thornton’s “ stepped ” ignition 
required some conditions of experiment wbch Wheeler was unable to 
reproduce 

Wheeler and Whitaker** have investigated the explosive limits 
of acetone vapour and air The usual variations are noted with 


^*2 Chem Soc Tram , I9l7, 111, 130, /, 1917, 378 
''*3 Chm Soc Ttam, 1917, 111, 267, J, 1917, 687 
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varying diameter of tube, and whether igmtion la at the lop oi bottom, 
the tube Hieing veitical, or when the tube is hoiizontal Their general 
conclusion is that in a large tube (60 cm or over) the lower acetone 
vapour limit is approximately 2% , the upper 10 In a tube of 
2 5 cm diaiueter the maximum speed oi flame projiagation was 9 6 cm. 
per second, the mixtiiie containing 5 45% acetone vapour The 
theoretical percentage for complete combustion is 4 76% It^s con- 
cluded (from results for methane and air) that with, larger tubes the 
speed n]^a.sure(f ill the 2 5 cm tube would be multiplied, by 2 5 for 30 
cm diam , by 3 for 60 cm diam ; bv 35 for 90»cm diam 

A paper on the “ Limits of Inflammability of Mixtures of Mine Cfases 
and of Industrial* 6 ases with Air ” recorded the result of work in the 
U S Bureau of Mines Laboratonesd^ bv G A. Biurell and H, W. 
Gauger Burrell and Robeitson have extended the ohservations wijh 
methanc-aii niixtiiieb and investigated the eftert of temperature and 
pressure on the limits of combustion Neai the lowei hunt (5 5% 
methane) propagation occiuied at 25° C at 200° with 5 15% , at 
300° with 4,88% , at 400° mth 4 55% , at 500° ifith 4% , whilst 
with percentages slightly below each specified there was no propagation 
at the respective temperatures Hence a mixture too weak to propagate 
Ignition at ordinary temperatures does so at highei temperatures. 

Most interesting residts were obtained intli variation of piossure. 
Raising the pressure up to five atmospheres did not alter the lower 
irmrt, so that a mixture too weak to igmte at ordinary jiressures will 
not Ignite on moderate compression On the other hand, reduction 
of pressure had an unexpected efiect in \new of •the above results ; 
a mixture wbicb woidd propagate igmtion failed to do so li the pressure 
were sufficiently reduced Starting near the lower limit (5 5% CH 4 at 
normal temperature and pressure), a reduction of some 200 mm would 
prevent^igmtion , as the percentage of methane was raised, so the 
reduction of pressure [lad to be greater until nearly the theoretical 
methane content (9 4%) for complete combustion was attained At 
this composition the maximum reduction to prevent ignition was 
found, the actual pressure being 275 mm Then with further mciease 
of methane the reduction required to prevent ignition became less and 
less The curve therefore was inverted. It follows that at atmo- 
spheric temperatures no methane-air imxiures Avill ignite below a 
pressure of 275 mm ,*aud the mixture in ncuily theoretical proportions 
has the greatest range of igmtion with changing pressure. • ^ 


Tech 150, 1917, ^t^J, 1917, 9o5 . 
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Fijel Economy 

• r 

The necessity for economy m the pioduction and utilisation of coal 
has been a subject for serious consideration since the outbreak of the 
u'ar, owing to reduction of output, difficulties of transport, .and increas- 
ing demands arising through activity in production of munitions, 
particularly iron and steel Several valuable papers on the subject 
have appeared in the Journal Farther, the large demapds of the 
Havy for fuel-oh, the fact that practically all suclj. oil has to be 
ship-borne, aitd the reduction of tonnage from one c^ase aucl another, 
have combined to emphasise the importance of home production of 
suitable oils, cither from shale, or by destructive distillation of coal, 
especially low temperature distillation, and iniporfant Departments 
are engaged m investigating these questions. 

*The general effect of the economic conditions arising from the war 
has been to speed up investigations on important fuel questions, to an 
extent which, in normal times, it would have taken years of persistent 
advocacy to achieve 

The first sign of this awakening was the appointment ofa Committee 
on Fuel Economy by the British Association. Later a Fuel Eesearch 
Board was appointed by the Committee of the Privy Council for 
Scientific and Industrial Eesearch, with the mam object of making a 
survey and classification of the various coal seams, and investigating 
practical problems involved in carbonisation and gasification of coal 
Full reference to the early work accomplished will be found m the 
first published Eeport Several problems are outlined and the hope 
is expressed that the solutions of some will be supplied by workers in 
the industries. The Board “ would regard it as a great misfortune if 
the establishment of a Government organisation for Fuel Eesearch 
were to result in the discouragement or limitation in any way of the 
activities of outside workers or organisations ” To attain this co- 
operation, periodical reports should be issued, giving description of 
methods, results of investigations, &c , otherwise there is hound to be 
much working in the dark and unnecessary overlapping. A Fuel 
Eesearc^i station is to be erected at East Greenwich, on land offered on 
very advantageous terms by the South Metropolitan Gas Company, 
which Company will also give facilities for the transport of coal, and 
take over at market prices gas, tar, liquor, coke, &c. 

The Coal Conservation Committee appointed by the Ministry of 
Eeconstruc^ion to consider the economy which might result from the 
conservation of coal in the production of motive power and other forms of 
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energy for industrial purposes, the expansion of industry which would 
result in way of new manufactures from the^iroper use of coal, and 
the steps necessary to obtain these objects, has published an advanced 
proof of recommendations It is suggested that Great Britain should 
be divided .into sixteen districts vith one authority in each dealing 
with all generatioft and main distribution , suitable sites for electric 
geijerating purposes should be chosen on important waterways for each 
district, so, that there will be ample water and transport facilities , 
these sites shoi^ld be sufficiently large to provide for b^-product recovery 
and for«iew elecWcbemical industries. 

Plans should be prepared immediately after tbe war for large power 
plants to supply existing demands, and secondly, electrical energy at 
tbe lowest possible price for new processes and manufactures. Power 
available from surplus gas or waste heat should be turned into electrical 
energy in local plants and fed into the main distribution system. Ifis 
contemplated that, under tueb a scheme, coal vbicb it does not at 
present pay to bring to the surface could be used economically on tbe 
spot, or where transport conditions weie favourable, at the central 
site • 

With legard to existing undertakings it is considered possible to 
stop extensions of uneconomical stations, mostly built on cramped or 
unsuitable sites, and arrange to supply them with power from the 
central system. It is suggested that a Board of Electricity Commis- 
sioners should be appointed, with full powers to deal with the electricity 
supply throughout the country , with power to stop the extension or 
multiplication of uneconomical stations for public supply , to standar- 
dise for each area the frequency and voltage of th? mam transmission 
and distriliution system, to ai range for the handing over, on equitable 
terms, of existing plant, &c , in each area to a new electricity body, and 
to settle the coi^iitions governing and establishing this new body. 

Such a scheme as that briefly outlined is mainly on tbe lines of 
schemes which have been advocated for some time past as necessary 
in the interests of fuel economy, and is m large measure exemplified in 
the present North East Coast power system From the point of view 
of chemical industry the adoption of such a scheme would be of the 
greatest importance. Already many applications of electricity to 
chemical industry, not hitherto practised m this country, are on 
record. H Peile'^® states that current at one of the Newcastle 
stations, included in the N E. Coast scheme, is being supplied 
for the production of ferrosilicon (the output from one* 2000-k.w. 
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furnace being 10-15 tons pe? day), ferromanganese, ferromolybdenum, 
ferrochromiiim, and fdrrotungsten. The production of these alloys, so 
•vital for steel industry, is a national matter of the highest importance 
In addition from. 300-400. tons of cuprous oxide (’which prior to the 
war all came from Germany) is produced, together with some carborun- 
dum and calcium carbide 

Am^ng other applications of electricity may be mentioned* the 
Kilburn-Scott three-phase furnaces at Manchester for the production of 
nitrates from^ the air , a 10,000 k w. plant at Mairchester for the 
manufacture of (lalcium carbide ; the production of phos'JihSrus and 
Arcorundum (a body similar to carborundum) at Wolverhampton 
Electric furnace plants are being rapidly extended i^ Sheffield , it is 
estimated that by the middle of the present year some 85,000 tons of 
steel will he produced from current supplied by the Corporation 
Electricity works. 

These, and many other industrial applications of electricity to 
chemical and metallurgical processes, are in every way to be encouraged, 
and, if they are Xo compete successfully with foreign competition after 
the war, can he maintained only through the more economical use of 
waste heat and a general maximum utilisation of our fuel resources 

In connection with the strenuous advocacy of the prohibition of the 
nse of raw coal and the utilisation of gas for power production, the expert 
opinion of engineers appears, on the whole, far more favouralile to steam- 
driven turbo-generators than to gas-driven plants for large electric 
stations. J A. Rohertson^^ considers that there is still a large margin 
for improving th^ efficiency of the direct-fired boiler with turbo- 
generators by an increase in tbe steam pressure and superheat. With 
350 lb pressure and a steam temperature of 700“ E (amounts not yet 
reached in practice) the thermal efficiency of boilers, economisers, 
electric generators and condensers^is estimated at over 22^ , allowing 
3 % for auxiliary power demanded, and % for transmiapion and 
transformer losses, an overall efficiency of 18 8.^^ should be attainable 
for the energy delivered to the consumer This is equivalent to a coal 
consumption of 1*09 Ih. per e.h p or 1-45 Ih, per k w sold. 

It has been stated that a turbo-alternator is under construction of 
100,000 hp (70,000 k.'w.), whilst the largest reciprocating engine yet 
built is 25,000 h p 

An entirely novel departure in power plant, and one which should 
have very jjonsiderable hearing on fuel economy, has been made at the 
works of the well-known Ford Motor Co., at Detroit. It consists of a 
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parallel combination of steam and gas «engmes, which drive on the 
same shafF, and is intended to combine the economy of the gas engine 
under constant load, with the reliability of the steam engine under 
varying load. The very important feature^however, is the conservation 
of heat which will be effected. Between the high and low pressure 
cylinders of the steam engine exhaust gases from the gas engines serve 
to Superheat the steam. Another portion of the gas engine ^xhaust 
jackets the*high pressure steam cylinder, so reducing Jieat losses The 
exhaust steam from the low pressure cylinder passes through a surface 
condenser and serves to heat the water for the heating pipes and 
radiators throughout the factory Further, the cooling water for the 
gas engine cylmd|rs becomes raised to IBO’-ISO” F , it is then further 
heated to about 250“ F. by the exhaust gases from the gas engines 
after they have passed through the steam superheater or jacket of the 
high pressure steam cylinder, and serves tor the hoilei feed-water 
For the steam engines it has been estimated that 18 57 of the heat 
in the steam, or 1 3 9 % of the heat in the coal, will appear at 
the switohboaid as electrical energy With the ga% engines, 21 % of 
the heat energy in the gas, or 20 4 % of the heat energy of the coal, 
will be available at the sintchboard. In all, 60 % of the total heat 
energy of the coal will probably be utilised 
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flAS DESTRUCTIVE DISTILLATION. TAB PBODDCTS. 
By E. W. Smith, M.Sc., P.I.C. 

^ Chef Chemist, Birmingham Corporation Gas Dept ^ 

« 

. Town’s Gas. 

From early in 1917 theie has been an increasing volume of 
discussion both inside the gas industry and out, concerning the question 
as to what should constitute the best all round stanifards in the supply 
of town’s gas Shortage of coal, inferior coal, toluol and benzol ex- 
tfaction, and the difiiculty in obtaimng new plant, have put many 
undertahngs in extrmis in that it has been practically impossible 
to produce enough gas of normal quality at usual pressures. Now 
that most of the^ large concerns have dispensed with the illuminating 
power standard, it is no longer of much consequence to note what 
efiect those difficulties have had on the results obtained from the 
Eat flame burner Yaiious authors have shown that the extraction 
of one gallon of crude benzol from 12,000 cubic feet of gas is to reduce 
the illunnnatmg value of the gas by 2 5-3 0 candles, and the calorific 
value by about 13 B.Th.U’s. 

To increase the volume of gas produced, many undertakings have 
been compelled to put rather more “ pull ” on the retorts than is 
usual, and consequently, furnace gases have been mixed with the 
straight coal gas. This has had ill-efiects all round, as not only has 
the gas efficiency of carbonization been reduced— fewer B.Th.U’s. m 
the form of combustible gas being pbtained from the foal— but naph- 
thalene troubles have in many cases been increased and the tar yield 
reduced. The tar has also contained a higher percentage of pitch, 
these latter troubles having been caused by the over-heating of the 
gas with hot furnace gases 

The specific gravity of the gas has considerably increased and dis- 
tribution troubles have been correspondingly enhanced . The extraction 
of most by-products has been reduced inefficiency owing to the in- 
creased dilution of the gas 

Most gas undertakings have now adopted, fora period of years, the 
standard of 500 B Th U’s gross, but owing to the serious depreciation 
in the results obtained m use from the gas supplied from many under- 
takings, there is a tendency to insist that there should be other standards 
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besides that for calorific value Thosi? responsible on both sides 
will do w^l to avoid even suggesting the multiplication of standards 
until much more is laiown upon the subject. It is of national im- 
portance that heat energy in the form o# gas should be supplied at 
the lowest possible price, and increased restrictions can but raise the 
cost of production It is almost universally agreed that even should 
an ideal gas be produced the questions of constancy of quality and 
pressure are overwbelmmgly important ® 

A G^s Jnvesiigation Comnuttee was appointed bv the Institution 
of Gas Engineers early m the year This includes* the Gas Heating 
Research Committee of the Leeds University and the Institution 
which has in hanf^an extensive research into the results to be obtained 
from gases of widely different quality when used in ahead} existing 
appliances ** 

The Board of Tiado have appointed a “ Fuel Research Board ’’ 
with Sir George Beilby as President 

Two mam linos of research arc under consideration — 

% 

(1) A sarvey of classification of the coal seams m various mining 
districts by chemical and physical laboratorv teats 

(2) An investigation of the piactical problems that must be 
solved if any large proportion of raw coal is to be replaced 
by other forms of fuel obtained bv the carbonization or 
gasification of coal 

The subject of low temperature carbonization will receive thorough 
consideration. , 

The Board have set themselves to attempt to reply to the following 
questions 

(1) Can the raw coal used for domestic heating (35 to 40 million 
tons ;^r annum) be replaced by smokeless fuel— solid or 

® gaseous— prepared by the carhomzation of this coal ? 

(2) Can adequate supplies of fuel oil for the navy he obtained 
from the carbonization of the coal at present used raw m 
the domestic grate ? 

(3) Gan town’s gas be obtained m a more economical way than 
it IS at present being obtained ? 

(4) Can electric power be obtained more cheaply if the coal used 
for steam raising is first gasified or carbonized ? 

(5) Can the peat deposits of the United Kingdom bo» utilised so 
as to be a serious source of fuel for industrial purposes ? * 

(6) Gan the use d gaseous fuel be forwarded by the development 
of more scientific methods of combustion in furnaces, etc 1 
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A Fuel R'Sivircli i^fcation^s to be oiected on land provided near 
a i^orks owned by the South Metropolitan Gas Company. 

Blue Wafei Gas m Townes Gas 

It has been the practice in the past for many gas undertakings 
to inak» caiburetted water gas and mix anything up to 25% \vitb 
the coal gas, the, mixture being termed town’s gas The' necessary 
petroleum “ gas oil ” is now practically unobtainable oMiig to shortage 
of tonnage and it» requisition as fuel-oil lor the navy. L^arfely for 
this reason, and paitly because the production of water gas is a means 
of reducing the demand for coal gas, companies ha^ been urged by 
the authorities to increase their make of blue water gas, and conse- 
qupmtly the proportion present in town’s gas There is no doubt 
this has proved in the mam a very useful method of procedure as it 
has enabled gas engineers to carbonize their coal more efficiently 
and increase the quantity and quality of the tars— a factor of utmost 
national importaitcc. The calorific value of the town’s gas has been 
somewhat icduced, but the low inert content of blue water gas, and 
the reduced volume of air required for combustion per B Th U., havc^ 
tended to increase the efficiency, in use, of the mixture 

A similar end has been attained by a numbei of workers, notably 
Blundell and West, in their experiments on stcaimng in continuous 
worbng vertical retorts. Steam in varying quantities is passed up 
the retort through the incandescent coke and through coal which is 
undergoing carbonization, and consideiable volumes of water gas 
are formed 

Blundell* states that it has been shown that there is no advantage 
on cost in producing water gas m the intermittent |;ertical retorts 
over the usual method of production of blue water gas. He^ passes 
steam into the retort (Glovei-West continuous system) above the 
coke extractor, to reduce condensation The quantity of steam used 
will vary with the quality of coal and its coke. It is essential 
that the required temperature be attained m the coke for the water 
gas reaction and consequently the throughput of coal was reduced by 
10%, but the make of gas per ton of coal was mcreased from 12,000 
to 15,500 cubic feet, the calorific value being reduced from 530 to 
510 B Th gross Shght “ pull ” was worked on the retorts. The 
quantity of scurf was reduced, and that found was easier to remove 

1 1917,1054 
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No destructive action was found to have laken place on the brickwork 
of the rctfirts When using steam to the extent of 14% of the coal 
carbonized, it was found that the quantity of fuel used in the producer 
was inci eased by one pound per 100 lb o^coal carbonized 

By the adoption of this process on a works making 200 million cubic 
feet of gas per annum, Blundell claims a saving on the cost of production 
of the gas of 30% and 3577 tons weight of coal (approximatelf 20%). 
The mcreasbd make of gas would appear to be due to#the production of 
water gas and % more complete distillation of the coal In addition, 
the steam and water gas sweep the hydrocarbon vapours, as they are 
made, more qmckly from the highly heated zones in the retorts, and a 
much smaller projiortion is completely cracked to carbon and hydrogen, 
etc., with the consequent reduction of scurf in the retort and pitch in 
the tar 

About the time when gas engmeers and gas consumers were showing 
intense concern at the difficulties caused by the production of gas of 
lower calorific value than has been normal, owmg to the exigencies of 
the war, Mr^ George Helps, of Nuneaton, came for\?ard with definite 
proposals for, among other things, perpetuating a condition of things 
which had almost umversally come to be considered as eminently 
undesirable.® Mr Helps asserts that gas even as low as 350 B Th U. 
nett, will generally give as good results as gas of 500 B Tb U. nett, foot 
for foot, owmg to the inefficient w^ay, due to poor aeration, in which the 
higher quality gas is usually consumed He claims to have proved 
his case by experiment and large scale experiences. He advocates 
that the lower grade gas should be produced by mixing air, nitrogen, 
producer gas, or blue water gas with high grade coal gas before it leaves 
the works He also claims higher and better tar yields, and lower erst 
of production ^Some of his condemnations of gas of 500 B Th U and 
of gas ^pliances when used with such gas, are by no means justified, 
but those mterested would be well advised to reserve their judgment 
until further authentic facts and data are available Mr Helps will 
have achieved a great deal if he has only caused the gas industry to review 
the whole position of gas production, distiibution, and use. 

Steaming on Continuous Verticals. 

Wellens* gives results of extensive tests carried out on an installa- 
tion of Dempster-Topgood continuous vertical retorts No figures are 
given for either the quantity of steam used nor its temperature of 
superheat, but 15,000 cubic feet of gas of 540 B Th TJ gross calorific 

® J , Not 2d, 1917 
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value was obtained Qpr ton*' Tlic amount of steam was varied as 
conditions demanded Unlike Blundell, be found steaming to have no 
eftect on the formation of scurf. Wellens, however, agrees that the 
temperatures at the bottoms bf the retorts should be highest^ 

A number of workers have substituted hot blue wnter gas for steam 
m the retorts This appears to have all the advantages of steam 
withoufthe reduction m temperature of the charge and the consequent 
increase m the fubl bill The carbon dioxide m the Jilue water gas 
IS also partially converted into carbon monoxide by Contact mth in- 
candescent coke, but there is no production of blue water gas 

Qa^lomzation and Complete Gasification ofiCohe, 

Naumann* describes the Dellwik-Fleischer system of gas production. 
The plant consists of a continuously working vertical retort The coke- 
leaving the bottom enters a water gas generator The “ blow gases go 
to the atmosphere and the hot “ run ” gases (blue water gas) pass up 
through the retort with the products of distillation Any temperature 
of carbonization may be maintained by admitting either i^ir or steam 
into the retort with the blue water gas The process is known as the 
Tn gas ” process Any kind of coal may be used A typical analysis 
of the gas from a good coal is given— Ho 50%, CII 4 10 %, CO 30%, 
Cn Hm 1 %, CO 2 5%, N 2 4% The calorific value langes between 
210 and 370 B Th U Its flame temperature is high due to the small 
percentage of inert constituents and low requirements for air It is 
claimed that the gas can he made at 2 d per 1000 cubic feet. 

f' 

Imo Tempeiatme Caihonizahon, 

Low temperature carbonization continues to be a subject of interest- 
ing discussion in the technical press, but unfortunately very few results 
of actual practice on a large scale are available, though ^ome systematic 
work IS in progress 

WmimU,® after carbonizing a “bastard cannel” in 8 cwt. charges 
in an iron retort for periods of 8 hours, at a tempeiatnxe of 500° G. , 
and reduced pressure of 26 in to 28 in. of mercury, came to the con- 
clusion that low temperature distillation of high-ash coals is not 
commercially economical The tar was found as an emulsion. He 
obtained 6000 cubic feet of gas to the ton, and 25 lb. of sulphate of 
ammonia The gas was not washed for either ammonia or light oils, and 
no figures ase given for the quality of the gas. 

Capps and Hulett* present results of tests of the distillation of coal 

Qas J , July 10, 1917, see J , 1917, 538 ® J , 1917, 912-915 

« J Ind JEng, Chem,mi, 9, 927-935 , J, 1917, 1229 
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under pressures m an electrically heatefl. steel cylinder At 600*^ C, 
and up to 20 atmospheres, the quantities of compounds of high boiling 
point are reduced, but the quantities of condensible vapours of low 
boiling point are increased This they staftc is due to the ‘‘ cracking ” 
of heavy vapours within the retort As the pressure rises the amounts 
of phenols and tar acids are reduced The proportion of coke and the 
percentage of fixed carbon in the coke are increased with pressiw owing 
to cracking ’’ effect The calorific value of the eoke is increased, 
but the* ptrcenl^ge of nitrogen, oxygen, sulphur, and volatile matter 
was found to have decreased, probably due to the* increased partial 
pressure of hydrogen in contact with the hot coke At temperatures 
below 600° C , increase in pressure increased the volume of gas evolved. 
The amount of hydrogen is increased by pressure up to 20 atmospheres 
at 500° 0 but reduced between 550° C and 600°. The increase' is 
probably due to “ cracking,” and the deciease to the action of the 
hydrogen on the unsaturated compounds and on the nitrogen, sulphur, 
and oxygen of the coke 

Whitakd: and CrowelT have ascertained the temperatures at which 
the maximum formation of benzene (800° C ), toluene (700° C ), and 
xylene (600° C ), occur. These results agree closely with those obtained 
in the cracking of petroleum oils, and probably the course of the 
reactions is the same in both cases If washed gas be reciiculated 
through the retort, the period of the carbonization reactions is reduced 
and the yields of light and heavy oils, benzene, toluene, and xylene are 
increased. 

» 

Injluenoe of Iron and Lime on the yield of Ammoma 

Hollingsworth® has carbonized at 800° 0. coal containing the 
“ normal” qii|ntities of iron and lime, to which he has added 10% of 
either, and obtained the following results — 


— 

Normal 

, 

4-10%ofFe3O, 

+ 10% CaO 

Nitrogen in coke 

55 2 

58 27 

60‘7r> 

Nitrogen as NH 3 

21*7 

17 31 

24 14 

Nitrogen elsewhere 

23 1 

24 42 

15 10 


These results supply an extra reason for removing iron^pyiites from 
coal. * 


1 J Ind hg Clem , 1917, 9, 261-262 , 1917, 446 
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floKE Dust 

Where coke is thoroughly graded and screened about 5% to 10% of 
the coke made remains as dust (below f in ) This is mostly sent to the 
tip, but Taluable uses are being found for it and it is rapidly becoming 
a marketable product 

Under special but simple conditions it is being employed on a very 
extensile scale in some districts as a boiler fuel Its calpnfic value 
is equal to that of the original coke, and when used m ij- tubular boiler 
and Crossthwaite grate one pound will evaporate 4| lb of 'wa'ier, and 
the output of the Soder is as much as 76% of that with a good slack. 

Extensive experiments are being earned out on the gasification 
of this material, though sulphate recovery would not be profitable. The 
fuel IS so cheap, however, that with a low blast, wide grate, shallow 
fuel bed, and mechanical grate, the experiments should meet with some 
success Dust is also being mixed with tar and carbonized. The tar 
IS partially distilled and a fair coke is found as residue ® 

During the year much work has been done in connection with the 
use of coke m producer practice Sulphate recovery is nof economical 
owing to the low available mtrogen content of the coke, and the cost 
of recovery plant and its operation, including the excessive amount of 
steam required for blast saturation. Non-recoveiy conditions are 
therefore adopted, and so long as the blast saturation is not higher 
than 60° C. (i e 05 lb. of steam per pound of fuel gasified) the gases 
may efficiently be used direct from the producer— if satisfactory dust 
catchers are employed. Unscreened coke from 2 m. down may be 
gasified m low-pressure producers with mechamcal grates, and there will 
be no more clinker troubles than are experienced with normal producer 
slacks. This naturally depends much on the ash content and compo- 
sition of the coke. The producer can mamtam its fulf load, and the 
quantity and quality of the gas amount to an average of 120,006 cubic 
feet per ton of 130 B Th U nett. The Tees and the Kerpely types 
of low-pressure producers with mechamcal grates have proved quite 
satisfactory in this connection. The following results have recently 
been published. 

The Woodall-Duckham installation of continuous vertical retorts 
installed at Tottenham is heated by means of producer gas made from 
coke breeze m four Tees producers havmg mechamcal grates One 
producer aci» as a standby, 33 lb. of coke is ’used per hour per 


* AltiDg, Ket &as, 1917 
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square foot of grate area Tiie generator efficiency is 63% on the 
nett. Th5 fuel had the following grading —27 over | inch, 33 1% 
I inch— inch, 19 3% | inch — | inch, 20% below | inch The gas 
consists of CO 2 6 4%, CO 25%, Ha 14%, and has a nett calorific 
value of 124' B Th U The make is 110,000 cubic feet Blast satura- 
tion 63°G., blast pressure 18 cm , temperature of gas leaving the 
producers 197 5°0 The coke contains 14 29% moisture, 22 33% ash 
51% volatile matter, 74 45% total carbon, calonfic value 9750 B.Th.U. 
per lb. Thg producers aie watei -jacketed, and have a diameter 
of 8 ft. 6 in. • 


• RECovEEy OP Ammonia 

The proposal made by Hollingsworth, to admix up to 1% of lime 
with producer coal, is being strongly recommended by Government 
Departments with a view to an increased production of ammonia 
The results obtamed depend largely on the coal, but usually range 
between 10 to 15 lb of sulphate per ton, or an mcreage of about 16%. 
It IS usual tS find that from 10% to 12% of the ammonia leaving the 
producers under recovery conditions is present as ammonium chloride. 
This comes down in the preliminary w^ashers free from sulphate, and 
may either be concentrated for sale as crude or distilled with lime with 
other gas works ammoma liquor. It would appear that one 
advantage in the use of lime is in the liberation of this ammonia from 
the fixed salt. 

Douglas and Jones claim to increase the ammiviia yield from coal 
in cokmg practice” by using large coal The gases have a freer travel 
through the coal out of contact with the coke oven walls This cooling 
effect is conducive to higher ammonia yields Zimmermann” gives 
details for mcrfasing ammonia yields by 15% by washing out the 
evolved*gases by means of blast furnace gases and the use of a cooling 
agent. Ammonia is ’decomposed, partly to hydrocyanic acid, at 
temperatures above 850° C. 


Oil Washing 

The extraction of benzol, toluol, and solvent naphthalrom coal gas 
made on gas works and coke ovens, has been very much“extended, and 
various competent woikers have published papers containing information 


10 Gas World, Not. 3, 1917 

11 Stahl uvd Hisen, 1916 36, 573 , J, 1916, 1098* 
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and data whicli sKould prov(? invaluable to others who have not had 
an opportunity of going fully into these pints. 

Edwards discusses fairly fully the question of suitable scrubbers, 
without however indicating .where his preference lies He gives some 
interesting figures for extraction of benzene in washers of different 
numbers of chambers as compared with the tower counter-current 
system^: Towns gas of 500 B Th TJ. net produced in horizontal 
and inclined retprts contained usually 0 8% by volume of benzene 
vapour or a partial pressure of 6 1 mm of mercury. At th^iqjnimum 
summer tempcrakre of 25° C 61 mm. pressure of benzene vapour was 
in equihbrium with 3 75% of benzene m the creosote wash oil ; 0 8% 
by volume was equal to 1 83 gallon per 10,000 cube feet, and this 
should require a theoretical circulation of wash oil of 48 8 gallons per 
lOfOOO, or if the gas yield were 11,500 cubic feet per ton, 60 gallons 
per ton of coal. The actual possible yields with this quantity used in 
washers with one, two, four, and eight chambers together with the 
benzene m the oil are tabulated 


Washing 
system 
Number of 
chambers 

Yield, galls 
per 10,000 
oub It 

Constitutional 

efficiency, 

% 

Concentra- 
tion m oil 
%by 
vpl 

Not recovered. 

Galls 

% 

1 

0 91 

.50 

1 80 

0 91 

50 

2 

1 37 

75 

2 81 

0 46 

25 

4 

1 59 

87 

3-26 

0 24 

13 

8 

i-ei 

93 

3 63 

0 06 

7 

Counter-current 

1 83 

100 

3 75 

Nil. 

Nil. 


Edwards states that the cost of steam for distillation of wash oil 
was usually about half the cost of recovery. Any variation in the 
amount of oil used not only made itself felt on the fuel account, ®but in- 
creases would cause the temperatures of wash oil to rise at the outlet 
coolers, and the efficiency of washing would be affected. 

Ehead” has published two papers which together form an invaluable 
source of information on gas washing and benzol production. He 
discusses 


(1) Gas washing from the standpoint of the kinetic theory, giving 
new data and a reliable technical method of determining 
^ vapour pressures of wash oil and crude benzol products. 

12 Gas World, April 28, 1917, ©as 1917, 138, 187 1917, 539 

13 1917, 137, 207; J, 1917, 331 and 764 
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(2) TKe eifect of temperature on gas*waslung, 

(3) The cSect of surface contact on gas wasiiing. 

(4) The efect of quality and composition of creosote on gas washing 
with special reference to viscosity, on which original data is 
given • 

(5) The effects of temperature on viscosity of creosotes and its 

flections * 

(6) The cSect of naphthalene on the viscosity of creosote 

(7) *Tlie efiect on viscosity of continual heatmg,at 130° to 160° C. 

(8) The effect of viscosity on the rate of cooling of creosote. 

(9) TheoretJfcal considerations of the elect on the gas of naph- 
thalene in creosote, with calculated curves showing the vapour 
pressures of naphthalene from creosote, containing various 
percentages of naphthalene at diffeient temperatures. 

The following curves are given — 
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The two following creosoi^s are discussed . — 



A 

B 

Sp. gr 

1-0275 

0 964 

• H 2 O 

0 25 % 

0 2% • 

First spot 

m°G 

13§“ C 

1 5^-200’ (S 

10% 

0 7% 

200^-220° C 

7 6% 

/ 2 0% 

220°-250° C 

47 0% 

17-6% 

250®-300"t! 

28-5% 

44 6% 

Residue 

16 0% 

35-2% 

• 


• The oil was distilled m a 700 c c Wurtz flask at 2 drops per second 
with the thermometer in the vapour. In order to determme what the 
composition of a suitable wash oil having a satisfactory viscosity 
should be, the wash oils were fractionated (as shown) and viscosities 
determined. Tl:fe eflect on viscosity when light oils are^removed by 
steam distillation can be seen from the following curves -- 



Fig. 2.~Vlscosltl«4 of A and B and Residues after, Steam Distillation. 
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The effect of viscosity on the rate of (Jooling of wash oil is shown by 
the folloT^ing curve 



Flj. 3.— Effect ol Viscosity on the Amount 0 ^ Cooling in a Given Time 


Rhead submits the following conclusions — 

(1) The efficiency of washing is greatly improved by using a cold 

oil— say at 15° C —providing the creosote keeps sufficiently 
fluid. 

(2) The lighter oils in creosote— 180°-220°C.— help the washing 
process by lessening the viscosity of the creosote, but are 
objectionable m that they are readily distilled out by steam 
and contaminate the crude benzol 

(3) Naphthalene helps to lessen the viscosity, and theieby helps 
the washing, hut it very objectionable, in that it prevents 
good extraction of naphthalene from the gas, and may even 
add some to the gas under certain conditions of quantity and 
tempeiature 

(4) Creosote fractions boiling above 300° greatly increase the 
viscosity, and are very ol^jectionable if present to any extent. 

(5^ A good creosote should remain as fluid as possible at 10°“15°, 
give little oil,distillate when steam distilled, and have as low 
a naphthalene content as possible. 

(6) Much improved coolmg of debenzohzed oil from the crude still 
is obtained by using a creosote of which the viscosity rises 
very little when cooled to 10°-'15°, and better temperatuies 
are obtained for benzolized oil entering the crude still 

(7) The efficiency of washing is greatly improved by increasing 
the intimaey of contact between the oil and gas. Washeis on 
the spraying or atomizing principle appear to ofier the* lest 
field for dcYelopment in this direction— namely, an increase 
of surface per volume of washer and a minimun? back-pressure. 
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(8) When using mixtures of blast-furnace and coal-tar creosotes 
specific grayity is no criterion as to whether a ^reosote is 
“ spent ” or not Viscosity is the best test, and its magnitude 
should be between 8 to 9, with a maximum of 10 (rape oil=100)* 

(9) A sufificient quantity of cicosote should be in circulation to 
prevent the hght oils taken out and contained in the crude 
benzol m stock leaving a creosote of high viscosity. If light 
oils are sold with crude benzol, then either the cieosote must 
be changed more frequently or the equivafent quantity of 
similar tght oils added to take the place of fhose fn the crude 
benzol 

Applebee^^ states that the most suitable wash oikhould not contain 
any large amount of naphthalene or other solid hydrocarbon. Its 
specific gravity should be conveniently over 100, and its specific heat 
should not be too high 

The view of most othei works seems to be that othei factors play a 
more important part in gas washing than any of the above 

The aromatic series of hydrocarbons are found in but sn^all quantities 
in cither the tar or gas produced from veitical retorts Hero are found 
conditions which approximate to lower temperature conditions as the 
volatile constituents are in contact with a comparatively small area of 
highly heated surfaces and the primary products of coal distillation 
pass away only partially “ cracked ” 

Jones has analysed the tar produced from the distillation of coal 
in a vacuum up to 450° C., and found it to consist of (1) unsaturated 
hydrocarbons, (2) naphthenes, (3) liquid paraffins, (4) phenols and 
xylenols, (5) aromatic compounds (homologues of naphthalene), (6) 
pyridine, (7) traces of a solid paraffin, but benzene and its homologues 
were absent From the results of the thermal decoi^iposition of this 
tar at difl’erent temperatures, Jones concluded, among othe^ things, 
that benzene and its homologues are chiefly ^formed as the result of 
olefime condensation at temperatures of 700° C. and upwards To 
some extent they are products formed by the thermal dehydrogenation 
'of the corresponding naphthenes Jones^« had previously found that 
the cyclo-hexanes decomposed at 490° C -510° C. over hot poicelain 
and formed the gaseous product, hydrogen, methane, ethane, ethylene, 
and traces of acetylene and considerable quantities of benzene 

Gas J , 1917, 138, 338 , J , 1917, 635. 

15 J", 1917, 36,3 

^KChem Soc TVaw, 1915, 107, 1582, j] 1915, 1239. 
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If tlie necessary naphthenes predomUiated in the primary products 
of coal dMllation, a temperature of 500° C. upwards would give the 
maximum yield of benzene hydrocarbons, but apparently the olefines 
predominate, because the maximum benzene yield is obtained at 700° C. 
upwards. 

The once prevalent view that acetylene was the basis of aromatic 
formation during coal distillation is now discredited, but seems 
quite probable that an appreciable quantity of benzene is produced by 
the polp^erisation of this hydrocarbon, which appears among the 
primary products of the thermal decomposition of c5aL 

Much light 18 thrown on the cracking processes that take place 
during high temperature carbonization if a study is made of the 
results obtained from tbe cracking of petroleum oils 

m 

Cracking of Petroleum Oils 

It has long been known that various oils, especially those in crude 
petroleums, when subjected to the right conditions o^temperature and 
pressure, br«ak down or polymerise and yield a certain proportion of 
benzene and its homolgues, the amount of which varies with the compo- 
sition of the oil 

Rhead points out that the mode of formation of benzene, etc., 
during the cracking of petroleum oils is parallel to that of its formation 
from the cracking of the primary decomposition products of coal. 
These latter contain many compounds found in petroleums, such as 
naphthenes, paraffin hydrocarbons, olefines, etc , ,^nd since it is far 
easier to separate petroleums into simple groups of compounds than 
18 the case with coal, a systematic study of the thermal decomposition 
products of petroleum oil fractions should throw much valuable light 
on the mechanfem of coal carbonisation 

In Russia it has long been the practice to crack petroleum oils to 
obtain benzene and other aromatic compounds for the dye and ex- 
plosives industries, the shortage of coalfields having made such an 
industry of vital economic importance. Moreover, Russian petroleums, 
being rich in naphthenes, lend themselves admirably to benzine for- 
mation. There is little doubt that this industry, founded by the 
Russian chemists, led by NikiforoS, has received a great impetus from 
the needs of the war 

The first systematic work in the modern era on producing aromatic 
hydrocarbons from petroleum, was earned out by Rittman,” but*the 

J Ind JEng Ghem , 1915 , 7, 945 , J , 1914, 626 , 1915', 1199. 
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large-scale installation put d^)wn at Pittsburgh as a result of his experi- 
ments has been una£le to compete with other sources of benzene and 
toluene owing to the small yield and poor quality of the products 
(seep 78) 

The manufacture of carburetted water gas is, essentially an oil- 
crachng process, and the evidence so far available goes to show that 
a good quality benzene and toluene can be obtained by washing th^ gas 
irom this process In the early days of the war, this source was unjustly 
ignored, owing to the lack of a good test for the benzol content of a gas 
The shortage of gas oil supplies has considerably handicapped this 
source in England, but it afiords vast possibilities in America, the 
home of carburetted water gas plants*. n 

Some tests made at the Birmingham Gas Works showed that, of 
i&e oil cracked in this process, 3 27% appeared as benzene and about 
2°/i as toluene, and the products were not seriously contaminated with 
paraffin hydrocarbons. 

EgIofi,“ experimenting with a low carburetted water gas plant, 
obtained per thousand cubic feet of gas, 0 07 gallon of jDenzene, 0*06 
gallon of toluene, and 0 01 gallon of xylene. On this basis he estimates 
that the carburetted water gas manufactured m America, if washed, 
would yield annually 8,689,000 gallons of benzene, 7,448,000 gallons of 
toluene, and 1,241,300 gallons of xylene 

Lessing^* describes a form of apparatus m which vapours are 
absorbed by oil with which a mass of granular material has been soaked. 
The absorbed vapours are then distilled off in situ with superheated 
steam and condensed in a water-cooled coil. The apparatus is then 
ready for further absorption. 

Naphthalene ^ 

This constituent of coal gas has given an mcreasing amount of 
trouble during recent years to those interested in the efficient distri- 
bution of gas The Institution of Gas Engineers have had the matter 
under thorough investigation and have issued a brochure on the subject. 

The troubles have mainly arisen due to inefficient cooling of the 
gas before it leaves the works, to the ehmination from the gas of those 
hydrocarbons which act as solvents or “ carriers ” of naphthalene 
(benzol, toluol, solvent naphtha), to increased heats and bad repair 
9f horizoptal and inclined retorts, and to the enforced use of creosotes 

1917 138,463 - 

1917, 103 
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(for oil waslung) wKicli contain high percentages ,pf naphthalene The 
brochure states that the possibility of naphthalene deposition from 
the gas (in consumers’ services and meters) depends on the amount of 
naphthalene in the gas, and also on the'amount of vapours of the 
lower boiling fractions of tar which are present in the clean gas — but 
particularly those constituents that have boiling points approximating 
to that of naphthalene Naphthalene troubles may be eliminated if 
the gas IS sufiicj^ently cooled, and if suitable vapours are added to the 
gas in the most itfficient way and in sufficient quantity Methods of 
spraying and evaporating suitable solvents are fully discussed, and 

also the point at which the addition of solvents is best efiected 

« 

Purification op Coal Gas. 

Espenhahn*® suggests improvements in Feld’s zinc and iron 
thiosulphate methods of purifying gas ^ The gas is washed with 
ammonium thiosulphate-polythionate solution (ammonium thiosul. 
phate treated with sulphur dioxide) This is brought into intimate 
contact with 'the gas in vertical rotary washers The reaction results 
in the absorption of ammonia and part of the hydrogen sulphide By 
withdrawing portions of the solution as it becomes concentrated and 
treating with sulphur dioxide and heating, the polythionates are con- 
verted into sulphates A fertilising salt is recovered by evaporation, 
and the process claims to solve the problem of utilising the sulphur 
content of the coal for the fixation of ammonia without first forming 
sulphuric acid * 

Wanner’^ proposes to use wood charcoal m small pieces for the 
removal of carbon bisulphide and hydrogen sulphide from crude coal 
gas, The charcoal after use may be revivified by beating to 105°C for 
two days 

W. S^Curphey®* discusses the direct recovery process for ammonia 
and its effect on oxide purification He states “ an attempt has been 
made to co-ordinate the data relating to periods of good and bad work- 
ing, and the analysis of the data yields results of positive value ” It 
would appear that in every case failures of the purifiers occurred whei 
the make of gas was on the increase — ^at the end of the period, and 
that the use of fresh and highly moist oxide is attended with risk when 
it comcides with peno^ of maximum make of gas, and an exceptional 


“ J , 1917,483 439 

21 J GMeudt , 1915, 416, J , 1917, 75 
^ See J , 1915, 1001 ; 1917, 997 
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amount of ammonia^ is needed at such times to maintain the oxide in 
a neutral condition. It is confidently believed that wheh the oxide 
has become dried and is better matured results will show improvement. 
Fresh oxide should be stocked and brought into condition during the 
summer months. Small diameter pipes may with advantage be con- 
nected from inlet ammonia scrubber to boxes, so that a little ammonia 
may %e allowed to pass and neutralise any soluble salts of iron pfesent 
in the oxide. * ^ 
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* MINERAL OIL. 

« 

* * * Bt W. J. A. Buttirpield, M.A.,^ 

Contulhng Cktmttt, 66 Vtciona Street, S. W. 1 

The need of a iflore general and better understanding of the meaning 
or application of the names apphed here and in America to the different 
grades of mineral oil products has become insistent during the past 
few years, owing to the difficulties which have arisen from the existing 
confusion of terms and from the introduction of new products, cognate 
in use, though not in origin, with the old. The efforts so far made to 
secure agreenjent in nomenclature have been small andlimited in scope, 
but they are suggestive and hopeful in that they may lead to greater 
efforts, which the Society of Chemical Industry might well initiate, to 
form by collaboration with the Institution of Petroleum Technologists 
and kindred bodies m America and other English-speaking countries 
an International Committee on the Nomenclature of Mineral Oils. 
The same or an allied committee is also imperatively required to 
deal with standardisation in the arbitrary methods of testing such oils. 
The matters in question are essentially for chemists to discuss and 
determine, though in view of the large use which engineers make of 
mineral oils, and the good work in the standardisation of engineering 
materials whiclk has already been,accomplised by the Engineering 
Standards Committee, it is desirable that this Committee should have 
representation on any International Committee on the Nomenclature 
and Testing of Mineral Oils which may be formed by technical chemists. 

Nomenclature. 

A few instances of the existing confusion of terms may appropriately 
be cited. At one end of the range of products of mineral oil we have 
those of which the chief demand is now for use as motor spirit Primary 
products of petroleum available for use as motor spirit pass under a 
great variety of names, e g., petroleumspirit, petroleum naphtha, gasolene, 
petrol, carburine, benzoline, benzine, &e., and it would be difficult to 
draw a hard and fast line between any two of these terms. “ Gasolene ” 
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is peculiarly American, and' is associated with the former extensive 
use of air-gas in places remote from town gas supplies. Petrol,’' 
originally applied by one firm of producers to its product, has been 
extended by motor-car users m this country to petroleum spirit in 
general. “Petroleum spirit” has the advantages of clarity and 
official recognition, but the general public everywhere prefers a smgle 
word, *nd it should not be difficult for an international committee of 
chemists, backed'-by the large oil producers and distributors, to restrict 
the choice to “ gasolene ” and “ petrol,” and ultimately to make the 
use of one only of 'these terms umversal for motor spirit derived directly 
from petroleum. Especially is it desirable, once for all, to get nd of 
the term “ benzine,” which leads to confusion between the petroleum 
spirit to which it is applied, and the chemical entity benzene, which is 
obtained commercially from coal-gas and coal-tar. Unfortunately 
“ benzine ” is almost universally adopted in the oil fields and crude oil 
refineries as a general term for the lighter distillate from the crude oil, 
and it is likely to prove very difficult to displace it for use in tbs 
connection. An unobjectionable alternative for works’ use is “ spirit,” 
wbcb is already applied to some extent and is well understood m the 
oil districts, and every effort should be made to extend its use m 
preference to “ benzine.” 

“Motor spirit ” becomes every year a more comprehensive expression, 
including, besides petroleum spirit or petrol, benzol, shale naphtha, 
brown-coal naphtha, naphtha from low-temperature coal distillation 
processes, spirit or naphtha obtained by the cracbng of heavy oils, 
crude alcohol, and mixtures of two or more of these products, with or 
without admixture of a certain proportion of kerosene or the like. 
Distinctive and brief terms for most of these products are necessary, 
and there should he some co-ordination among them.'" Benzol stands 
by itself, and alcohol also stands apart. The grades sold a? motor 
fuel may convemently be termed “ motor benzol ” and “ motor alcohol’ ' 
The spirit or naphtha from shale, brown coal, cannel, and coal distillation 
might well be known as “ shale motor spirit,” “ coal motor spirit,” 

Passing to the other end of the scale of products of mineral oil, 
viz., the heavy bitumens and asphalts, an attempt was made by the 
Engineering Standards Committee in 1916 to furnish a British Standard 
Nomenclature for these materials, so far as their use for road purposes 
i8 concerned The attempt was praiseworthy, but the recommendations 
made have not proved generally acceptable, for reasons which chemists 
wiB readily divine. Especially were the recomnjiendations at variance 
with definitions which are widely accepted in America. 



MINERAL OIL, 


71 


No definition appeals to tiie teclinic*al cliemist wliicli does not 
embody a Statement of piiysical or chemical properties by which the 
materials comprised under it can be distinguished with certainty from 
all other materials. It is often difficult with materials which occur in 
nature as the product of the action of subterranean heat and pressure 
on other substances to suggest physical or chemical tests by which such 
materials may be mdubitably distingmshed from artificial prtiducts 
derived from the same or other onginal substances, bttt in cases where 
the difficulty is insuperable it follows that the natural and the artificial 
materials will be indistinguishable also m use, Pendihg a wider know- 
ledge of the essential properties and composition of many natural 
products, it is stil? the practice— of the engineer less reluctantly than 
of the chemist— to specify that some material required m certain 
constructional work must be obtained from a certain locality, oftimtfs 
from a particular works or quarry. As a confession of ignorance or 
laziness on the part of the person responsible for the specification the 
practice is dlummatmg, but its gross defects become revealed when the 
work earned i)ut with the material happens to fail, and the chemist is 
called m to ascertain not simply whether it had or had not certain 
essential or desirable characteristics, hut whether its properties tally 
with those of earlier or other specimens of material from the specified 
locality of origin. 

The asphalt mdustry is replete with instances of the practice in 
question, and more research is needed on the part of the physicist and 
chemist before a better practice can become universal V ested interests 
in a local product of well-deserved repute naturally are opposed to any 
definition which presumes that a like product might be obtainable 
from another source The last few years, however, have so greatly 
extended the sources of supply of asphaltic materials and the means of 
“refining,” blendmg, and applying them, that the monopoly of 
superiority of the more yaunted products is seriously threatened, and 
there is no question that origm will m the future be regarded as of less 
import than defined physical and chemical characteristics. The new 
outlook wiU naturaEy entad a correlative revision of nomenclature and 
defimtions. 

The foUowing suggested terminology and definitions of mineral oil 
products, m regard to which there has been much confusion hitherto, 
may help to pave the Vay to a common understanding (niany terms 
which are generally well understood and in regard to which confus?on 
rarely arises are omitted). 

Motor Volatile liquid, which, without preheating, is fit for 
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use as fuel in internal comlyustion engines othei than of the Diesel 

type. 

Petrol-^TAotoi spirit obtained as a primary product of the distil- 
lation of petroleum. Synonymous with gasolene and petroleum spirit. 
Other expressions, which should be discarded, for the .same product, or 
certain grades of it, are naphtha or petroleum naphtha or mineral 
naphtha, benzoline, benzine, carburme. Grades of petrol should ^be 
primarily distinguished by reference to the percentage of distillate 
which they afiord below certain temperatures, e g.^ 12(V“, U5^°, ^70“ C., 
and secondarily bnly by vapour pressures, ignition temperatures, 
specific gravity, &c. 

Shale Motor Spirit —Motor spirit derived from the'^'volatile products 
of the distillation of oil shales Synonymous with shale naphtha 
* Coal Motor Spirit —Motor spirit derived from the volatile products 
of the distillation of coal and cannels otherwise than in gas retorts 
and coke ovens 

Crached Motot: Spirit —Motoi spirit obtained by the cracking of 
the less volatile mineral oils, tar oils, &c 

Motor Benzol.-— Motor spirit derived from coal gas or its con- 
densation products 

Motor Alcohol— Motor spirit obtained by fermentation or distil- 
lation from carbohydrates, &c , and consisting chiefly of alcohols 

Kerosene —A purified fraction of mineral oil fit for use for lighting 
purposes in lamps with wick feed. 

Fuel Oil — Liqufd fuel, not sufficiently volatile for use as motor 
spirit, but fit for direct combustion in furnaces, Diesel engines, &c 
Includes heavy grades of crude petroleum distillates and residua, 
shale, cannel, and coal oils and distillates, tars, tar ods, &c 

Motor Oil — Oil primarily intended for the lubrication ^of the 
cylinders of internal combustion engines 

Cylinder Oil— Oil primarily intended for the lubrication of the 
cylinders of steam engines. 

Bitumen. — A comprehensive term for mixtures of hydrocarbon 
products containing more or less oxygen and/or sulphur, which are 
soluble in carbon disulphide. (Should be restricted to highly viscous 
liquids and solids ; the term has no useful application from the 
technical and scientific standpoint to gases and highly mobile liquids, 
sucbas benzene, though legal luminaries have sought to include such 
bodies under the term.) 

Native Bitumen. — Bitumen obtained by simple extraction or 
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evaporation from materials found in n^ure, without constitutional 
change b/ oxidation or other chemical action. 

Pyro-Bitumen which is insoluble in carbon tetra- 

chloride (Sjmonymous with carbenes.) . 

Petrolenes (or .MiAcncs) — Constituents of bitumen which are 
soluble in hexane. 

—Constituents of bitumen which are insoluble in 
hexane, but soluble in carbon tetrachloride. * 

Cod Bitumenoid material which is soluble in pyridine, 

but insoluble in carbon disulphide • 

Asphalt —Bitumen m intimate admixture with finely divided 
mineral matter, the mixture contaimng no chemically uncombined 
carbon (t e , “ free carbon ”). 

Rock Asphalt —Limestone or other inorgamc mineral matter found 
in nature impregnated with bitumen 

Tar —The matter (freed from water) condensed from the volatile 
products of the destructive distillation of hydrocarbon matter, whether 
this be contemned in coal, wood, peat, od, or other material 

Pitch —The solid or semi-solid residue from the partial evaporation 
of bituminous material Especially from the partial evaporation of 
tars 

STANDARDIZA.TION OP TESTING 

The standardization of empirical methods of testing the physical 
and chemical characteristics of mineral oils, &c , has been discussed 
in several quarters in the course of the year, and urgently calls for 
reference to an authontative committee such as this Society could 
form from its members with a few collaborators drawn from other 
bodies 

E, L Lomax jhas discussed the* question so far as motor spint— 
especialfy petrol— is concerned.^ He proposes to substitute for the 
Kedwood and Engler methods of carrymg out the distillation test 
one m which the essential difierence is the introduction of a 4-pear 
Young dephlegmator column The proposed method has obvious 
advantages, but lacks the simplicity of apparatus of the others, and, 
in common with them, has the disadvantage of using too small a 
quantity {te., 100 c c ) of petrol to admit of rapid determination of 
the specific gravity and other properties of the several distillates 
The information which is thereby obtamed aSords a vakable guide 
to the difierentiation of motor spirits from various sources In 


1 J Inst Petrol Tech., 1917, 4. 6; 1918, 116 A. 
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practice 500 c.c appears to tie the most suitable quantity of motor 
spirit to take for a distillation test. 

N A Anfilogofi has described a modification of the Redwood 
method, m which he retains the ordinary Engler distillation flask, 
but sets the thermometer so that the bulb, which* is 4 ins. from the 
rero of the scale, is J m. below the openmg of the side tube of the 
flask * *116 distils at the rate of two drops a second The writer 
has used substantially the same procedure for many -gms past, the 
essential difierence from Anfilogofi’s method being fee employment 
of a larger flask wife 500 c c. of motor spirit, and the rate of distillation 
being restricted to one drop a second. 

ft 

Recent Investigations and their Import, 

t 

J. H. Coate has determined the minimum flashing point and the 
solidification point of certam motor spirits, and of acetone • Three 
petrols flashed well below 0° C., while the solidification pomt of one 
of them was — 168° C. Coste concludes that petrol is dangerous to 
handle near a flame at any temperature likely to occur in Great 
Bntain, but, unlike benzol, it will not give trouble through freezing 
even at Arctic temperatures. 

Lomas* has also reviewed methods of determimng the sulphur 
content of motor spirit He commends a modification by Esling of 
the combustion method, in which the motor spirit, after admixture 
with alcohol, is burnt from a small wick lamp in a good current of air 
Such a method is undoubtedly more trustworthy for motor spirits of 
tolerably low sulphur content than determination of the sulphur 
through the products of combustion of the spirit in the bomb calori- 
meter It does not, however, strike the technical chemist as afiording 
an ideal solution of the analytical pfohlem involved, and there is hope 
that ultimately a direct oxidation method may be made available 
for the rapid and accurate estimation of the total sulphur in motor 
spirit and similar highly volatile combustible liquids 

A matter which calls for further investigation is the relative bearmg 
of difierent physical properties of the several constituents of motor 
spirit on ease of starting an internal combustion engme when cold. 
It IS well known that of two difierent brands of petrol, both giving 
practically the same distillation curve, one afiords easy starting 
while the ofeer presents great trouble m this respect, though once 

* J , 1918, 21t s Analpt , 1917, 42, 168 ; 1917, 587 

* J. Imt . Petrol . Tech ., 1917, 4, 19; J , 1918, 116a. 
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the engine is running there is nothing •to choose between the two 
brands Sometimes, indeed, the petrol whicJ is troublesome at 
starting is distinctly superior, if the engine becomes over-heated, in 
respect of liabihty to pre-igmtion. It is sot certam on what charac- 
teristics of petrol. ease of startmg depends, for though the vapour 
pressure at low temperatures and vapour density are undoubtedly 
of primary importance, it seems likely that the temperature of igmtion 
plays a part here as it certainly does m determinmf the liability to 
pre-igni4i][oii The spontaneous igmtion temperatures of Iiqmd fuels 
have been investigated by H Moore, especially, hdwever, in regard 
to fuel oils suitable for use m Diesel engines ‘ His work, however, 
leads to the gendJal conclusions, which are applicable to motor spirit 
also, that aromatic compounds have much higher igmtion temperatures 
than aliphatic compounds, saturated compounds higher than unsatft- 
rated, and compounds contaimng simple molecules higher than similar 
compounds contaming more complex molecules These conclusions 
should be very helpful to compounders of “ petrol substitutes,” whose 
empirical pipneer work should not he despised, since there is little 
question that m the near future the bulk of the motor spirit supplied 
will be prepared by blending materials of different origin, composi- 
tion, and characteristics Apart from the benefit to be deiived 
from the utilization by this means of large quantities of materials 
unsuitable alone for use as motor spirit, it seems probable that a full 
knowledge of the properties and behaviour of different series of hydro- 
carbons, &c , will lead to the preparation of motor spirits by blending 
which will be superior to any straight-run petrol, when all essentials 
of a good motor spirit have been taken into account 

A valuable contribution to methods of analysis of mineral oils has 
been made by S E Bowrey in the, course of developing a ready and 
exact j^ocess for the estimation of toluene in crude petroleum.* The 
total proportion of aromatic hydrocarbons in a mixture may be 
ascertained by sulphonation or mtration, but the relative proportions 
of the difierent aromatic hydrocarbons cannot be determined through 
either of these methods Bowrey extracts a fair sample of the aromatic 
hydrocarbons, which is available for further study by fractionation, 
by liquid sulphur dioxide apphed at about - 35° C. He has devised an 
arrangement of apparatus which is couvement for the extraction and 
the recovery of the ’aromatic hydrocarbons from the extract. The 
method should prove useful in investigating the composition of “ peirol 


‘ J., 1917, 109 
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substitutes,” in which benzols or cracked spirits have been blended 
with kerosene, &c , asVell as in the study of those crude petroleums 
and distillates which contain notable proportions , of aromatic hydrO' 
carbons The schemes for the estimation, by inference from fractiona- 
tion curves, of the proportions of benzene, toluene, and xylenes in 
crude benzols, &c., are not generally applicable to the estimation of 
aromatic hydrocarbons m petroleum spirit 

Methods of testing are of relatively great importance in^connection 
with mineral oils, because many of them have been devised yith the 
immediate purpos« of elucidating the qualities of the oils on which their 
successful technical application depends Thus the testing of the 
viscosity of oils, the consistency of bitumens, and <»he hardness of 
asphalts has received further attention during the past year. Several 
Txm forms of viscosimeter have been described, of which that designed 
by F. M. Lidstone is specially noteworthy ' It may be applied to a 
very small quantity of oil, and to give specific viscosities, in terms of 
water at a defined temperature, while by calibration against a Redwood, 
Engler, or other ^similar instrument, its readings may be translated 
into Redwood, &c , “ degrees.” It has the advantage of being low 
m first cost Other forms of viscosimeter have been devised by C. H. 
Briggs,* W M. Grosvenot,* R Dubrisay^® and C. Browning. “ While 
it IB now generally recognised that viscosity m itself has little relation 
to “ oiliness ” or lubricating value, it is a physical quality which has 
an important bearing on the choice of oils for use as vehicles, fluxes, 
Ac. The effect of dissolving solids in an oil on its viscosity has been 
studied to some ex^'ent m connection with solution of naphthalene, 
Ac , m tar oils, but it is a subject which would well repay further study, 
especially in regard to the preparation of tars and bitumens for road 
treatment. The viscosity, or rather the consistency, o^such materials 
intended either for the surface dressing of roads, or the projjuction 
of hituminated macadam, is now commonly checked in this country 
by the use of Hutchinson’s viscosity gauge, a mckel silver sinker of 
defined dimensions and form, which is compared before issue with a 
reference standard. An mstrument of wider range, known as the 
Oosby Consistometer, has been introduced m the United States by 
W. W. Crosby It involves the use of a senes of plungers of which 
those of smaller cross-section are mtended for semi-solid and solid 

bitumens and asphalts, and the larger ones for rheavy oils, Ac. It 

0 

7 1917, 270 and 1918, 148 t * J, 1917, 1031 

* J , 1917, 1065 10 J , 1917, 1123 o u / , 1918, 22 A. 
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appears to give results which are more !n keeping with the variations 
in behaviour of pitches and asphalts m actual use than are readings 
obtained with the Dow and New York Laboratory penetrometers, 
which have ‘hitherto been regarded as standard instruments for this 
class of work. The needle, with its irregularly coned point, which is 
the operative factor of these penetrometers, cannot be regarded as 
satisfactory either in principle or in practical application, and«it is not 
surprising that techmcal men in this country wisb to secure general 
recogn^tKyi fort a penetrometer of more scientific design and more 
utilitarian value than the American standard mstrutnents. A penetra- 
tion machine designed by J Hutchinson, havmg a plunger one centi- 
metre m diamdter with flat end, weighted with 1, or 2 kilos , has 
been found by the writer to show clearly differences in the consistency 
of pitches, &c., which are not indicated by the New York needle penetro- 
meter, and to give less erratic readings In ail comparative testings 
of the physical properties of pitches and bitumens, it is of paramount 
importance that the temperature of the matenal under test should be 
exactly coijtrolled, and the volume and shape of the test portions clearly 
defined and adhered to. 

Attempts to assess the oihness ” or lubricating value of machme 
oils, kc , continue to he made, and with mcreasmg measure of success. 
H. K. Moore and D A. Richter have described a device designed to 
compare the internal friction or power consumption, and the durability 
of lubricating oils, and J. A. Lowry has produced a bearing with means 
of comparmg the resistance to rotation of the shaft when difierent oils 
are used under difierent loads.** The resistance to pressure of films 
of oil has an important bearing on its lubncating quahties, and ready 
means of measuring this are being proposed by investigators both here 
and m the linited States. The^ emulsifying quality of oils has also 
been Jhe sub] ect of investigation in the United States P, H. Conradson 
has described a simple method of investigating the emulsifying and 
demulsifying value of oils,** and W H Herschel has prepared for the 
Bureau of Standards a Technical Paper (No. 86), dealing with the 
resistance of oils to emulsification ** Both these authors deal only 
with the emulsifying of lubncatmg oils, and not with the preparation of 
emulsions other than for lubrication There has, however, been 
considerable advance in this country, since the outbreak of war, m the 

« Met and Ghtm JSnjf., 1917, 16, 692 ; J., 1917, 955 * , 

w J , 1917, 1065 

1* Amef. Soctfor Tetting Matmalt, June, 1916; 1917, 332. 

1* J, 1917, 497. 
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preparation of emulsifying aSid water-soluble oils for disinfecting and 
other uses, though comparatively little has been published* in regard 
thereto 

An extremely valuable ,paper has quite recently been read by 
A B. Dunstan and F. B Thole before the Institution of Petroleum 
Technologists on the “Relation between Viscosity and the Chemical 
Constilgition of Lubricating Oils ” After reviewing previous researches, 
and their own wofk extending over many years, these authors arrive at 
the conclusions that —A lubncatmg oil should contain^ certain 
proportion of unsaturated hydrocarbons, viz as high a proportion as is 
compatible with little susceptibility to oxidation, polymerization, 
gumming and reactivity The physical condition offa good lubricant 
is probably colloidal 

Crachd Motor 

The Rittman process for the cracking of heavy petroleum with a 
view to the production of motor spmt, consisting mainly of aliphatic 
hydrocarbons or, alternatively, of benzols, which those experienced in 
the manufacture of gas from oil marvelled to hear had received special 
protection from the Government of the TJmted States, has apparently 
gone into oblivion, at least so far as aliphatic motor spirit is concerned 
Its failure emphasizes the futility of proceedmg to exploit a technical 
process without seeking advice and collaboration from those who have 
had life-long knowledge and experience in the industries it touches. 
Other crackmg processes, following sounder principles, have had more 
successful, if less dramatic, careers during the past year Many of them 
have been reviewed by Lomax, Dunstan, and Thole m a paper on 
the “ Pyrogenesis of Hydrocarbons,” which embodies an exhaustive 
historical summary by B L Loipax of crackmg processes brought 
forward up to nearly the close of the year 1916 , and a coi?sidered 
account by A B. Dunstan and F B Thole of the general principles 
and considerations underlymg the procedure of crackmg The paper 
concludes with a comprehensive bibliography of the subject. 

Persons unfamihar with earker features of the production of 
kerosene and of oil gas are apt to think that the crackmg of oil is 
a purely modern development, whereas the recent efforts to develop 
crackmg processes are directed merely to effecting such modifications 
as are necessary to furnish a predommance of akphatic motor spmt 
in the resultant product For many years past the superintendent 
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of carbiiretted water gas installations lia« known that he can produce 
at will gads and tar saturated with aromatic hydrocarbons, which can 
be recovered and fractionated to commercial grades of benzol, kc 
At the outset of the war gas chemists .pointed to the cracking of 
petroleum oil in existing or specially modified gas plants as the most 
promising means of securmg a large production of toluol, and it is 
only a question of price whether toluol so produced can hold its 
own in the* market against the by-product toluol o^the coal-gas and 
coke-oven mdu^ries Egloff has recently drawn attention to the 
possibihties of utilizing the carburetted water-gas plants in operation 
in the United States for the production of toluol by the cracking of 
solvent naphtha « the presence of water gas The cracking of oil for 
the production of aliphatic motor spirit, however, is a somewhat more 
difficult proposition than that of the manufacture, by the crachng rf)f 
heavy grades of petroleum, of either kerosene or benzols It is com- 
paratively easy to produce by cracking a good yield of ‘‘ spirit ” 
having the required range of distillation, vapour pressure, &c , but 
commonly such spirit contains a large proportion ^f relatively un- 
stable hydrocarbon compounds, with the result that, on keeping, it 
undergoes changes which cause gumminess and darkening of colour. 
Methods of refining m use for petroleum distillates, if applied to such 
cracked crude spirit, are very wasteful and expensive owing to the 
ease with which a large proportion of the compounds of the spirit 
are attacked, and generally leave a product which is still unstable and 
malodorous Nevertheless skilful control of the crackmg process over- 
comes most of the difficulty which the pioneers 5nd the present-day 
novices find in producing a stable and refinable spirit by the crachng 
of heavy petroleum. 

Many studi^ have been made of the efiect of variations m tempera- 
ture and pressure on the nature and*yield of cracked spirit, but generally 
speakmg little has been published m regard to the efiect of variations 
in the rate of flow of the material through the cracking apparatus, 
which is usually dependent on the arbitrarily chosen diameter of vessels, 
tubes, &c , and the freedom or otherwise of the latter from packmg, 
whether or no ostensibly having a catalytic action Among the studies 
worthy of attention are those by Eglofi, Twomey, and Moore on the 
efiect of variation of time and temperature (over the range 400°~750° C.) 
on the cracking in &n 8-in. clear tube of a Pennsylvaman gas oiU* ; 
by G Eglofi on the decomposition of a mixture of p^tanes^and 

w X, Ini Lng Ghem , 10, 8 , J , 1918, U6a 

Mef and Ghem 1916, 523, 1916, 1209 
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hexanes at pressures from*l to 12 atmospheres and temperatures 
from 450° C. to 725° C.*® , by Downing and Pohlman dh the pro- 
duction of tar and gas from gas oil cracked m atmospheres of different 
gases” , by Zanetti and Egloff on the decomposition of benzene in 
an iron tube furnace heated to from 500° to 800° .C “ , by R. Cross 
on the cracking of petroleum in the liqmd phase at a pressure of 
30 atmospheres and a temperature not exceeding 400° C ** , by Egloff 
and Moore on the effect of aluminium chloride and otSer catalysts 
on the conversion of Pennsylvanian kerosene into, cracked^ spirit**, 
by Egloff and Twomey on the formation of benzene, toluene, and 
xylene by cracking a Pennsylvanian gas oil in an 8-m clear tube at 
temperatures ranging from 1100° to 1500° F.*® , ar^ by L B Cherry 
on the conversion of kerosene to motor spmt by subjectmg its vapour 
m the presence of methane to the discharge of a high-tension, high- 
frequency oscillating current •* In addition to the foregomg technical 
papers, patent literature durmg the past year has been particularly 
rich in specifications claiming improvements in and new methods of 
producing motdr spirit from heavy grade mineral oils.^ The specifi- 
cations are too many even for enumeration here, and there is no 
evidence as yet that novel principles of proved value have been covered 
by any of them which are not also dealt with in the technical com- 
munications already quoted. 


Asphalt. 

War conditions have mihtated against any great advance in 
connection with pavmg, and the plentiful supphes of asphaltic materials 
from Mexico, the United States, and elsewhere which were promised 
to this country a few years ago have been curtailed, while certain other 
supplies have been held up altogether. Comparativeiiy little research 
work has been carried out recently on asphalts, but two papers have 
been published by Clifford Richardson, m wjhich he brings forward 
interesting theories of the nature and behaviour of asphalt *’ In 
one he points out that carbon dioxide forms a high proportion of the 

*® Met. and Ghem Bng , 1916, 692 , J., 1917, 76 

” J , 1917, 137, 24 , 1917, 126. 

» J Ind Eng Ghem , 1917, 9, 360, 1917, 499. 

K M$t and Ghem 16, 643; J"., 1917, 860 

« Met and Ghem Eng., 1916, 16, 67; 1916, 882 . 

^ Met aU Ghem Eng , 1916, 15, 15, J., 1916, 882. 

® Amer. Electro Ghem. Sec, Oot, 1917; J., 1917, 1266. 

21 Met and Ghem. Eng., 1917, 16, 25, and 1917, 17, 650; 1917, 204, and 
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gases associated with asphaltic oils aiil l^itumen, whereas it does not 
occur witlj, purely paraffin oils In the second *paper he regards an 
asphalt pavement as a colloidal solution m which the suspended 
matter, oviiig to the great viscosity of the continuous phase, may 
he of considerahle coarseness, and makes certain deductions from 
this prmiiss Brooks and Hum})hiey“ have dealt iiith the efiect 
of sulphur on the oxidation or liaid(>ning of residual oils, showing 
that the presence of sulphur duiiiig blowing grcatlv accelerates the 
production of iard bitumen Eeeve and Lewis have compared the 
effects Oi iJtolonged expos are to the air on diff^re^t bitumens, and 
have traced a correlation between the results and the behaviour oi 
the different bitijpiens when used in a road surface “ The changes 
observed are accounted for in j'ait onlv bv evaporation , probably 
polymerisation and mtermolecular rpactums come into play also 
C B Mabery has made coinpaii'-ui's of di^rent bitumens, especially 
gilsonite and grabamite He cnnclnles that giisomtc i& more closely 
related than grahamite to pcti oleum though the hydrocarbons 

obtained from them on distillation suggest a common origin 

« 

Oil Fuel 

Developments in connection with the use of n.ineral oil as fuel for 
boilers and Diesel engines have been restiicted during the period under 
review by the appropriation of the greater part of the available fuel 
oil for naval use An interesting paper has been gixen by J S S 
Brame on^'Liqnid fuel and its combustion,” which naturally deals 
chiefly with petroleum and the dffierent burners and devices used for 
its combustion as furnace fuel A point of considerable importance 
in regard to supplies of fuel oil is their content of sulphur. The 
Admiralty Specification now prescribes a maximum of whereas 
the Dmted States Bureau of Mines Ifas fixed a maximum of The 
greater latitude allowed by the Biitish Admiralty may probably be 
traced to a desiie to draw supplies from Mexico and English shales rather 
than to any technical ground for a belief that less than 3% of sulphur 
is harmless, whereas somewhat more is injurious to boiler plates and 
tubes. E M Perkm has reviewed the whole question of sulphur in 
mineral oils in an exhaustive paper,®- in which he deals more particularly 

'S J Ind Inff CImn , 1917, 9, 746 , J, 1917, 997 
2' J hid Mny Chem , 1917, 9, 743 , J , 1917, 998 ^ 

J Amer Chem Soc 1917, 39, 2015, J, 1917, 1123 • 
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with the elimination of sulphfir from oil obtained from sliale winch is rich 
in sulphur Many patents have been taken out foi processes for 
eliminating the sulphur from the oil yielded by Dorsetshiie shale, which 
is exceptionally rich m sulphur compounds Some ami at tieatmg the 
shale before retorting , others provide for treatniciit m the rctoits ; 
yet others treat the vapours before they are condensed, while several 
treat ^he crude oil itself The problem, so far as Dorsetsliiie shale is 
concerned, cann^st yet be regarded as satisfactorily solved'* 

^ Oil Production 

It IS impossible to give complete statistics of the mineral oil 
production of the world, and the imports and e^fports of difierent 
countries since the outbreak of war Tolerably full figures have been 
collected by D Ghambashidze and given in a paper read before the 
Institution of Petroleum Technologists on March 19, 1918 His figures 
for the year 1916 are given below, with the addition of Japan 


Country 

Banels (of 42 galls ) 
produced in 1916 

Eelative production in other 
years (lUiO = 100) 

1914 

1915 

1917 

(estimated) 

United States 
Eussia 

Mexico 

Dutch, East Indies^ 
Eumania 

Galicia 

Japan 

300,767,158 

72,801,116 

39.817,402 

13,174,399 

10,298,208 

6,461,766 

2,941,426 

88 36 

92 06 

53 21 

97 36 
123 37 

77 89 

90 95 

93 46 

94 16 

82 52 

94 02 

1I6‘82 

64 36 
100 79 

1.13 64 

96 15 
150 69 
110 05 
106 82 
106 82 


The exports and imports of mineral oil m difierent countries have 
been affected still more than the total production by war conditions. 
The exports from the Umted States m 1916 were 11 8% more than m 
1915/* but on the other hand exports from Eussia to other countries 
were almost entirely cut off, though the export from the Caucasus to 
other parts of Eussia showed a large increase Everywhere the value 
of the oil produced and exported has shown an enoimous increase as 
compared with pre-war years, the increase varying m difierent countries 
from 20 to 100% This increase in the value, of oil, coupled with 
transport^Jifficulties, has stimulated efioris at local pi eduction even in 

Japanese Bureau of ifww, and Meiah Output in 1916, J , 191'7, 
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countries like Great Britain, which is relatively ill-favoured in respect of 
mineral oi? resources. The prospects of oil production in this country 
have been discussed with increasing animation in a number of technical 
papers, of which one by W H Dalton,** and one by Craig, Perkin, 
Berry, and Dunstan,** are the most authoritative Eecently a Com- 
mittee has been appointed by the Institution of Petroleum Technologists 
to obtain evidence in respect of the quantity of cannel coal and '•allied 
minerals available in Great Britam as a source of mot»r spirit, fuel oil, 
and oth$r |irodu«ts, and to formulate a scheme for the utilisation of 
such supplies This has been followed by the appflmtment by the 
Minister of -Munitions, in agreement with the Colonial Office and the 
Petroleum Exeouflve, of a Committee, under the chairmanship of Lord 
Crewe, to consider a report (which has not been made public) rendered 
by the Petroleum Pvesearch Department on the production of fuel o:l 
from home sources It is noteworthy that there is no mmeral oil 
expert or chemist on this officially appointed Committee. 

Broadly it may be said that so far as published lepoits of investiga- 
tions (as dib|mct from surmises) show, there is httle Impe of obtaining 
crude petroleum, in any appreciable quantity, by drilling in Great Britain 
Distillation of shales, cannels, and coals is capable of giving a greatly 
increased output of oil, particularly of fuel oil, and it is merely a 
question of whether labour and capital are better expended in this 
than in other directions at the present time, and to what extent the 
present emergency warrants the introduction of plant and methods which 
will be unable to face fiee competition if ever called upon to do so It 
may be said without fear of authoritative contradiction that there is 
undoubtedly permanent scope for the exploitation of a certain amount 
of cannel, &c , for oil production m this country, and provided the 
cannel is selecttd with discretion and appropriate plant is used for its 
distillation, an industry may be created which can face free competition 
But the plant must b,e chosen and worked with due regard to the 
particular cannel which is to be handled and the by-products it is 
capable of yielding— no one type of plant or mode of working will 
ensure the best results from all the available cannels, waste coals, &;c 
Also to attempt to create an oil industry by the distillation of all and 
sundry waste coals, slack, cannels, tc , is to court a colossal failure, 
which will impede legitimate progress in oil production in this country 
for many years to come 

J Imt F^toI Tea, 1917,4, 137, 1918, U6 a 
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COLOUELW MATTERS AND DYES , 

« 

By Gilbert T Morgan, D So , F RB , ^ - 

Professor of Af filed Chemist)^, City and G-uihh Fmhuty Techiual College, 
London, EC 2 

C 

In tlie Repoit for 1916 the writei put forward the conjectiue that 
tlie new epoch in the histoiy of coal-tar dyes, ushered m by the war, 
would find the local demands for dyewai'es m process of becoming 
supplied by local producers This anticipation is being rapidly 
realised, especially in those countries in which industrial enterprises 
are less aSccied by war conditions American manufooturers have 
had the great advantage of an ante-war period of moie than two 
years dicing which they were free from the distractions arising Bom 
the mobilisation of their man-power and the diversion of their manu- 
facturing activities into war industries Full advantage was taken 
of this breathing space in dealing with the shortage of dyes. Before 
the war America used per annum appioxmiately £3,000,000 worth 
of dyes, of which^an amount costing only about £600,000 was made 
in the United States The remamder was imported, the bulk of this 
supply coming from Geimauy At present there are 22 American 
firms piodiieing direct coal-tar products or “crudes,” iO factories 
manufacturing mteimediates, au(J 46 turmng out finrshed dyes. The 
•capital at the disposal of these undertakings exceeds £401^000,000, 
and already 75% of the home lequiremenfs m intermediates and 
dyes are being supplied With the aid of kige reseaieh staffs the 
rapid production of the lemamder is confidently anticipated The 
export of dyewares from the United States for the fiscal year ending 
June 30, 1917, was valued at £2,340,000, being more than double 
that of the pieoedmg year 

The vitality of a national industry m dyes is based on the 
economic^production of coal-tar crudes and intermediates Increasing 
numbers of intermediates are being manufactured in America, including 
aniline and benzidine and their homologiips, p-mtroamline, the 
naphthols and naphthylammes and them sulphonic acids, H-acid and 
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other ami^oiuphtlioLulph oiiic af^nh The \ egeta?hle colours of America 
are also being exploited and mineral lakes and pigments are being 
handled by specialists in thift branch of the dye trade An increasing 
export trade m these colours and intermediates with the United 
Kingdom is m progress 

Many dye plants have been established in Japan, the larges^ being 
the Japan J)yestuf! Maniifactuimg Co When these factories are in 
full working older, tlus country will be independent of foreign supplies 

In spfte*Df the ravages of war, the chemists of Fii^nce are making a 
close and logical study of the dye problem, and at the St Denis u'orks 
and in other factj^nes gieat advances are being achieved 

The Italian development is lets advanced, the problem being 
intimately bound up with the question of fiscal tanfis on the ciud^s 
and intermediates to be imported 

The Russian efiort has been stultified by the revolution, end the 
capture of Riga by Germany has involved the loss of at least one 
aniline factory. 

With the fcregomg tendencies in course of development the problem 
facing English dye producers is the sufficiently onerous task of making 
the British Empire self-contained in the matter of svmthetic dyes and 
other coal-tar products As regards war requirements this result has 
been achieved, for British manufacturers are producing sufficient 
colouring matters to dye not only all the uniforms of the army and navy, 
but also many of the naval and military uniforms of the Allies So 
far as the exigencies of war permit, steps are being^takeu to cope with 
the more complex demands which dye users will make on the resumption 
of peace In this diiection progiess is bemg made with increasing 
lapidity, but much remams to he accomplished. 

A remarkably successful effort at the rapid production of complex 
dyes hfe been achieved by the Solway Dyes Co (Morton Siindour 
Fabrics, Ltd ), who had*produced indanthrene yellow in small quantities 
four months after the outbreak of war, and who were making this 
vat dye in bulk in February, 1915. They have since added other 
anthraqumone dyes to their list, mdudine alizarin sapphirol, which 
was achieved in March, 1916. 

The production of special dyes for the coloui-sensitising of photo- 
graphic plates was before the war a small but very important monopoly 
of the German colour makers The secrets of this art were lAdiscovered 
m 1916 in the chemical laboratory of Cambridge University, and 
platemakers were suppbed fiom this source with these mval;iable 
products. Parallel researches on these dyes were also carried nut 
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during the same period m the University of Leeds ^ and Leeds Technical 
School. 

Messrs Levinstein, Ltd , who aie making Ml use of their recently 
acquired mdigo factory at Ellesmere Port, are now self-contained as 
regards dyewares, intermediates, and the mineral acids required in 
the production of these synthetic products This firm, in association 
with Messrs Claus, have produced large quantities of dyes^foi military 
and naval requirements, thus assisting very materially not only in 
equipping the British fighting services, hut also the" Allied armies 

British Dyes, Ltd , who have added alizarin delphiiiol to their growing 
list of anthraquinone dyes, are now trebling the ^re-war output of 
colours formerly produced hy their predecessors, Messrs Read Holliday 
and Sons, Ltd Other dye-producing firms are displaying commendable 
enterprise, and among those who are rapidly increasing their range 
of dyes are Messrs. L B. Holliday and Co (Huddersfield) and Messrs, 
Brotherton and Co , Ltd. (Port Rainbow) Several manufacturers of 
explosives are following the example of the two foregoing firms in the 
hope that the production of intermediates, dyes, drug«, and other 
fine chemicals may furmsh a post-bellum occupation for their plant, 
capital, and staffs 

At the present time, however, the chief mdustiialised nations of the 
world are in a state of war, and although scientific investigation is in 
progress in all those countries which have not actually been devastated 
by hostile invasions, yet on both sides current research is diverted to an 
ever-inoreasing extent into warhke channels m response to the inexorable 
pressure of national emergency. 

Coal-Tar Crudes 

The demand for those direct tar products or coal-tar crudes which 
furnish the basis of military high explosives is stiU insittent. Synthetic 
phenol has been produced on an extensive scale to eke out tl^ supply 
of coal-tar carbolic acid and synthetic processes have been devised 
for increasing the available supply of benzene and toluene. Xylene 
has been utilised for T.X.X (tnnitroxylene), and the nitro-derivatives 
of the plentiful hydrocarbon, naphthalene, have also been employed as 
explosives. 

The Supjfhj of Benzene and Toluene. 

Benzene and toluene are still urgently needed for military require- 
ments, affd the search for additional supplies of these hydrocarbons 
still continues m various directions. Demethylation of the higher 

1 Harrison and Bottomley, Report, Leeds, Hot 1916 J Pope, JBiit. J Fhot , 
Jan 1917, 1917, 163, 
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benzenoicl hydiocai’bons contained in solvent napljtlia baa been studied 
with the object of producing the greatly needed lowest hoinologues. The 
cracking oi this aromatic oil gives results which compare very 
favourably with those obtained from paraffin and naphthene oils. 
The optiniiim temperatures for the production of benzene and toluene 
are respectively 800'^ and 750° C , the oil being passed through a heated 
steel tube (1^ ft X 8 m diameter) under a pressure of 11 atmosj^eres. 
About 25% of 4:he solvent naphtha is demethylated* the percentage 
yields of* b^nzenS and toluene at the foregoing temperatures being 
15 ’9 and 20 6 respectively. The recovered oils are increased in 
specific gravity, this change indicating the formation of polycyclic 
aromatic hydrocarbons of high molecular weight ® 

This cracking process for solvent naphtha is a reaction giving similar 
results to that of the reversed Fiiedel-Crafts reaction, which has also 
been recommended as a means of obtaining toluene and cumene from 
oyniene, now obtainable m large quantities as a by-product of the 
sulphite-cellulose process. The reversal is brought abo,ut by the action 
of aluinmiiini, chloride on cvmene dissolved m excess of benzene. The 
reaction is complicated and involves demethylation of cymene and 
methylation of benzene C3H7.C6H4CH3 -j- Ct,H„ = CVHs.CHs + 
C3H7 CfjHs Ninety grams of cymene in 900 grams of benzene 
gave, on boiling for 10 hoiiis with 4 5 grams of aluminium chlonde, a 
yield of toluene and cumene corresponding with 80% of the amount 
calculated from the foregomg ecj[uation ® 

The production of toluene by the direct Fnedel-Crafts reaction on 
benzene and methyl chloride was referred to m last year’s report * 
The Friedel-Ciafts reaction applied to aromatic alcohols m the 
presence of benzene leads to the production of diphenylmethane together 
with smaller amounts of 0- and p-dibenzylbenzene, anthracene, and a 
hydrocaibon C27H24, probably tnbenzylbenzene or methylene-bis- 
diphenylmethane Excess of benzene favours the mam reaction ^ 
Coal-tar naphtha, distilled under a pressure of 351b. per sq in,, is 
converted into a lighter spirituous fraction, from which toluene can he 
obtained, and a heavier od which is redistilled under atmospheric 
pressure, the naphtha recovered in this rectification bemg again sub- 
mitted to the pressure distillation process.^ 

- Egloir and Mooie, J Ud JEng Chem , 1917, 9, 40 , J, 1917, 128 
* Bcedder and Halse, ^uU Soc 19, 444, J, 1917, 12% 

^ Sifton, U S m 1216174, J , 1917, 382 

® Hnston and Fnedemami, J Amei Chem Soc , 1916, 38, 25, 27 , J., 1917, 28, 

® Gartley, U S Pat 1221237 , J, 1917, 638 1 ; Anderson, Ing Pat. 108508, J., 
1917, 1001 
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Benzene and tolutne aie obtained by passing vapours^ of hydro- 
carbons of high boiling point, such as solvent naphtha, through a 
heating plant at 600°-700“ C ' Coal-tar naphtha heated to a high 
teinpeiature yields a certain pioportion of toluene ® 

Guide petroleum from Eipi, an Italian pioduct, has been cracked so 
as to lueld 10% of tar iich in light oil, contaimng benzene and toluene ** 
The oil-washing of coal gas was commenced hy the Gas Light and Coke 
Co , London^ in 1913, and the practice is reconimendechas a permanent 
feature of gas n^aniifacture m the interests of national ectmOmy A 
‘‘green oil” of sp gr 1*098 and yielding 80% of distillate up to 370° C , 
is recommended as the washing oil by the use which strong 
benzols can be produced requiring less sulphuric acid and alkali than 
are usual m the washing process 

The efS-Ciency of creosote m the washing process, as a washing medium 
for extracting benzene from coal gas, has been examined in detail from 
chemical and physico-chemical points of viewd^ 

A partial hydrogenation of the benzene molecule is effected by 
passing dry ammonia through benzene contaimng calcflim shavings. 
Ammonia is absorbed foimmg a calcium-ammonia compound, Ca(NH 3 ) 4 p 
and this compound acts as lediicmg agent towards benzene producing 
dihydrobenzene 

Ca(NH,)4=Ca(M,)2-[-2M3-fH2 

This process m»y find further application in the production of 
hydro-aromatic hydrocarbons and their derivatives. 

Coal-Tar Intermediates. 

The three principal methods of converting coal-tar crudes into inter- 
mediates, namely nitration, sulphonation, and chlorination, have all 
found employment in the manufacture of military explosives, and during 
the period under consideration these processes have been extensively 
studied with this object in view Nitration is an essential step m the 
production of all coal-tar explosives Sulphonation is required m the 
usual process for preparing synthetic phenol, and the formation of 

■ Alexander, U S Pafc 1230975 , J, 1917, 922 
8 0 B Pvans, U S Pat 1230087 , J, 1917, 866 
« Rodano, Amah Qhm Appl , 1917, 8, 7 , 1917, 1091 

¥ G Adam, Gat J, 1917, 137, 343 , J, 1917, 3|1. 

Ehead, GasJ, 1917, 137, 207, J", 1917, 331 
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phenolsulglionic acids is an intermediate stage ttie production of 
picric acid. 

The chlorination of benzene gives chloiobenzene vhich serves as a 
starting point for picric acid, tetrjl, and hexamtrodiphen}dam]ne 

, Nit)o-compounds 

0 

The mtraMiion of aromatic compounds is still a snj^ject of great m- 
dustrial imporfajice, and many improvements have been defused in the 
technique of this process. Continuous nitration pjants aie now m 
operation whereby the output of nitro-compounds, such as trinitro- 
toluene, is greatlc increased and the amounts of nitric and sulphmic 
acids lequiied are reduced to a minimum Speed m nitration is attained 
by the employment of special cooling pipes and coils . 

The immense demind lor trimtiotoluene has rendered it desirable 
to nitrate toluene rendered impure Iiy paraffins The nitration is 
ejected in two stages, the mouomtiotoluene bemg sepaiated from 
paraffin by solution m an equal volume of concentrated sulphuric 
acid.^^ Mpure tar is mtrated by weak mtiic acid at 10“'60° C 
The stiength of acid is increased and the temperature allowed to rise 
to 70°-90° C. The mixture is left and the lower aqueous layer drawn 
off, the upper semi-solid layer being treated with strong nitric and 
fuming sulphuric^® acids at 95°-105^ 

The problem of obtaimng the more highly mtrated derivatives of the 
hydrocaibons is largely a matter of efficient dehydration, especially 
in the later stages of nitration. Nitrosyl sulphate is used instead of 
concentrated sulphuric acid to absorb the water foimed during mtration. 
m Dimtrobeiizene (one part) is slowly heated with nitrosyl sulphate 
(two paiis) till dissolved, when nitric acid (two parts) is added and the 
mixtuie maintained at 100°-120^ iftitil s-tnnitrobenzene is produced 
The ^additive compounds of s-tnmtrobenzene and the aromatic 
hydrocarbons and amines have been extensively studied.^’ These 
crystalline additive compounds may prove useful in characterising 
aromatic hydrocarbons The anthracene compound, for instance, 
is bright red. 

The orientation of the entrant mtio-group is greatly uifluenced by 
the nature of the radicals already present in the aromatic nucleus. 

13 J W Leitch and F E LanLshear, Eng Pai 105775, /. 1917,^33 ^ 

1*1 Eluisclieim, US Pat 1225321, J, 1917, 670 
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The well-known nitration of phenol leads to a mixture of o- and 
p-nitiophcnols Nitotion of phenyl phosphate, PO{OCbIf5)8, gives 
eiclu lively tri-p-nitrophenyl phosphate, from which pure ji-nitro- 
phenol IS obtained on hydrolysis. Cresol when nitrated yields 
J-mtro-p-oresol (CHa • OH * NO 2 - 1 .4.3), whereas p-cresyl carbonate, 
0 C( 0 C(>H 4 CH 3 ) 2 , gives rise to a dinitio ester containing each nitro- 
group 11 the ortho-position to the methyl group, so that by hydrolysis 
2-nitro-p-cresol is*obtaincd The free hydiox}! group has a far greater 
directing influence than methyl as regards substitution, bui^wjien the 
hydroxylic hydrogen is replaced as in p-cresyl carbonate the influence 
ot the methyl group becomes predominant 
The gieat demand for picric acid has led to its production from 
various gums and gum-resins, either alone or dissolved in concentrated 
acitic acid, hy -treatment with nitric acid below 40° C. Any uncon- 
verted gum or gum-resin is removed and the solution of picric acid or 
other nitrophenol is boiled and allowed to crystallise 
The nitration of chlorobenzene is of the utmost industrial importance 
because it affords’ a means of obtaining 2 4-dinitropbenoI^ picric acid, 
tin mononitrophenols and nitro- and dmitro-anilmos besides other 
important intermediates reqmied in the manufacture of dyes ard 
explosives It is mtiated with facility by heating with sodium nitrate 
and sulphuric acid (sp gr 1 84) 

Carbazole is being increasingly employed as a colour producing 
intermediate It is nitrated to 3-uitrocarbazole by treatment with 
nitric acid of 10% concentration “ This process is applicable to the 
halogen derivatives 5f carbazole 

The nitration of toluene has been studied in detail by many chemists 
during the past three years, and the experimental conditions for obtain- 
ing the best yields of 0 - and p-mtrotoluene, 2 4-dinitrotol^!iene and 2 4,6- 
trimtrotoluene have been deternuned Yields of 65% and of 
the 0 - and p-mononitro-compounds have been obtained by Kidokoro, 
who has also examined the nitration ot m-tert -butyltoluene to its 
trimtro-compound (artificial musk).*^ 

The action of concentrated sulphuric acid on aromatic iiitro-derivatives 
at high temperatures is of interest in view of the use of this dehydrating 
agent in nitration At 195° C. sulphuric acid and nitrobenzene interact 

Hollemann and Hoeflake, IPee Trm Ohm Payi-Pai , 191^, 36 , 271 , 
1917, 207 ^ ’ 

0 Miller and H Gl- Irlam, Eng Pal; 104352, 1916, 1917 499 

“ Ellis and Wells, XJ.S Pat 1220078, J, I9l7, 499 
Act-Ges f Anilmfabv , Ger Pat 295817; J, 1917, ?42 
/, Chem, Ind , Toledo, 1917, 80, 460 , J , 1917, 1065 



COLOITEINCt M4TTERS AND DYES 


91 


very vigorously The iiioducts are a black amorphous solid {i0%) 
and p-animoplieiiol-O'Siilphomc acid (8%). together with 5^^ of 
unchanged nitrohen/eiie The black substance dissolves completely 
in aqueous sodium hydroxide, but only paitially in concentrated 
sulphuric acid, ?t I'j siightlv soluble m nitrobenzene, pyridine, 
tnm^ethylamine^ or ammonia Similar black substances are produced 
from nitrobenzene and sulpliiirie acid m the presence of anthiaqiMiione, 
/^•aminoanthraqjiinone, or anthracene. These black products can be 
reduced ioJorin vat dyes having an affinity for cotton. 

Nitrobenzene alone—steel gray vat dye 
Nitrobci^ened-anthraquinone— steel giay vat dye 
Nitrobenzenc+/i-ammoanthiaqiiinone- brown vat dye 
Nitrobenzene+anthracenc --brm^n vat dye 

This reaction appears to be general foi homocyclic mtro-compounds 
Snlphonafioii and Sulphnic Acids 

The sulphonation of benzene, winch is of impoitance as being the 
first step in the production of synthetic phenol, has recently been the 
subject of several reseaiches 

In the case of the more volatile aromatic hydrocarbons boiling 
below 200" C., sulphonation is effected by passing the vapour of the 
substance into the heated sulphuric acid. The process is applicable 
to benzene when the vapour is introduced into strong sulphuric acid 
heated gradually from 100" to 185" 0 so long as absorption takes 
place. Benzene vapour is passed for 27 hours •through 100 parts ^ 
of sulphuric acid (sp gr. 1 753) at 120° C and excess of the hydro- 
carbon removed by a cuirent of hot air. On cooling, 130 parts of 
crystalline hen^enesiilphomc acid separate. The process is rendered 
continuous by means of a suitable plant ; the distillate of benzene 
and steam is condensed and separated, the hydrocaibon being dried 
and again utilised in th*e sulphonation. *5 

Considerable ingenuity has been shown in endea\ounng to overcome 
the practical difficulty of separating arylsulphomc acids fiom sulphuric 
acid. The former is extracted with a solvent, such as benzene, which 
is not very miscible with sulphunc acid. The benzene solution is 
then treated with a base forming a salt insoluble m the solvent. This 

-•* M L Crossley aiid*C B Ogilne, J Amer Ohm Soc , 1917, 89, 117 , J, 
1917, 209 • 

D Tyrer, Eng Pat 103204 of 1916, IJ S Pat. 1210725, /, 1917, 208. 

Comp des Produits Chiinique d’Alais et de la Camargue, Eng Pat 1019735 
J,1917, 705 
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process lias been applied to the separation from sulpliuuc acid of tbe 
mono- and di-snlpliomc acids of benzene Napbtbalene-^-suIpbonic 
acid IS separated from sidpbuiic acid by solution m toluene and obtained 
in solid form on cooling this solution 
The sulplionation inixture after liming is agitated without previous 
filtration with sodium sulphate All the calcium present is coiweited 
into carlcmm sulphate, and on filtration the filtiate contains the sodium 
salt of the arylstilphonic acid ^ 

Sodium hydrogen sulphate (“nitre cake”) has ‘^been ^utiljsed in 
sulphonation. Alter dehydration to disulphate (pyrosiilphate) it is 
dissolved in concentrated sulphuric acid, and the dehydrated and 
unsulphonated synthetic dye is added to the solution!" After thorough 
mixing, the mass is dissolved m water, limed out and the filtrate 
evaporated to yield the salts of the sulphonated dye ” 

The methods of heating and stirrmg sulphonation pans have been 
under consideiation recently Up to 100° C warm water or steam is 
used for heatmg Above 110° high pressure steam or superheated 
watei can be used The pan is made of cast iron, with ^wrought iron 
steam pipes imbedded in its wall The use of superheated steam 
ceases to be economical as the tempeiatiire uses Hot mineral oil 
IS iitilisable, and is circulated thiough the jacket and tLough a heated 
coil U-shaped stirrers and propeller agitation produce efficient 
mixing, especially if placed eccentrically in the sulphonation pan 

Halogen Denvalives of the Aromatic Hgirocaihons 

Chlorobenzene has become an important mteimediate, and its 
manufacture forms the subject of several recent investigations. 

Plant has been devised for chlorinating benzene in the presence of 
an iron catalyst, the process bemg’conducted so that^trong cMorine 
comes into contact only with fresh benzene Cooling apphairces are 
used to maintain the temperature at 15° Cj^and the foimation of 
higher chlorinated products is minimised by allowing the hydrogen 
cMoride formed m the reaction to dilute the chlorine 
The reactions takmg place in the chlorination of benzene by chlorine 
obtained from the electrolysis of hydrochloric acid are very complicated, 

“ X M Pennis, U S Pats 1211923, 1212612, 1227252, 1229593, /, 1917, 20S, 
382, 705, 866 

S Pat 1228114, /, 1917, 866 
%Sachs and Byron, IT S Pat 1207798, J, 1917, 129 
® Kendall, U 8 Pat 1217462 , J, 1917, 500. 

^ P Pope, 3iei and Ohem 17, 177, l9l7, 1042 

Coutagne, Fr Pat 480151 , /„ 1917, 129 
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espacially when the el ectrolyte is heterogeifeons Homogeneous solutions 
of benzenei and hydrocMoiic acid in a common solvent such as glacial 
acetic acid gave, with a platinum anode, more satisfactory results 
Progressive chlorination leads successively to chloiohenzene, p-dicMoro- 
benzene, 1 2 4 5-tetrachlorobenzene, hexachlorohenzene, and penta- 
chlorophenol , chloranil is always present as a by-product. Owing 
to the presence of acetic acid, pcnlachloiophenol is partly co^jverted 
into pentiQihlorophenyl acetate. The conditions f|ivourahle for a 
high yield of Ciilorinated products are high current density, low con- 
centration *of benzene, and high temperature In, these conditions 
almost pure hexachlorohenzene is procurable 

The electrolyte chlorination of toluene is moie complicated, for 
unlike the case of benzene, light lias a prejudicial effect and electrolysis 
should be effected in the daik The stages of chlorination are jis 
follows - 0 - and p-chloiotoluene, 2 4-chchlorotoluene, 3 4 5-trichloro- 
toluene, pentacKlorotohienc, 2 4 b-tiiciiloiobenzyhdene chloiidc, penta- 
chlorobenzyl chloiide, 2 4 5-tiichloro-3 G-diliydioxybenzylidenechloiide, 
and hexaclilorobeuzene The degree of chlorination is determined 
mainly by ciftrent density, bat side chain substitution does not occur till 
three chlorine atoms have entered the nucleus Hascent chloiine 
liberated electrolytically seems responsible for nuclear chlonnationj 
whilst accumulations of molecular cldoime load to attack on the side 
chain 

The foregoing results indicate the difffcultv of restricting chlorination 
to the production of the lower chloro-denvatives, and for this reason 
indiiect chlorination is sometimes employed • 

Toluens-p-sul phonic acid or its chloride or amide is dissolved in 
sulphuric acid and the solution treated with chlorine, and the resultmg 
2-ohloiotolueng-4-sulphonic acid is heated m steam, when the sulphonio 
group is removed hydiolytically ahd o-chlorotoliiene is produced 

Sulpffonic radicals m the sympathetic ortho- and para-positions 
with lespect to amino’-groiips, hut not when in the apathetic meta- 
positions, can be displaced (|nantitati\ely by tbe halogens Biomine 
reacts with these suiphomc acids in aqueous solutions, chlorine is 
effective in glacial acetic acid, and iodine is active when presented in 
the foim of iodine monocliloride. With 2 6-dibromosulphanihc acid 
or 4 6-dibronioaniline-2-siilphonic acid bromine yields 2 i 6-trihromo- 
anilme and sulphuric acid Cblorme gives a mixture of chloiodibiomo- 
amhnes and tribiomoamlines The o-sulphomc group is More readily 

s" Ficliter and fiiantzstem, JBef , 1916, 49, 2473 , J, 1917, 207 
B A ^S F , Ger Pat 294638 , J , 1917, 286 
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displaced than when m the 'para-position Carboxyl groups m o- or 
p-positions With resp*ect to ammo-radicals arc replaceable V/ bromine, 
blit With greater difficulty; the displacement by chlorine or iodine 
either fails entnely or takes place to an insignificant extent 
At present brommation is a matter of somewhat academic interest 
owing to the shortage of bromine throughout the World outside the 
German Empiie. An ingenious process ot hioinmating aronfatic 
hydrooarbons has been devised recently, which has the merit of 
introducing the whole of the bromme into the uuejeus without loss 
of hydrogen bromide This suh>stitntion is effected by the combined 
action of bromme and nitric acid, commencing in the cold and 
completing the reaction by raising the temperatcre The hydro- 
bromic acid generated as the by-product m brommation is continually 
oxidised to bromine by the mtiic acid. It is, therefore, obvious that 
the process can he earned out by hydrogen hiomide and nitnc acid, 
a convenient strength being 40% hydrobiomic acid and nitric acid 
(sp gr. 1‘35) By this treatment benzene yields broniobeiizene and 
dibromobenzenes, whereas toluene furmshes o-biomotoluenc and 
3.4;-dibromotolaone and finally pentabromotoluenc Thc^ reaction has 
been extended to the xylenes, mesitylene, and ethylbenzene “ 
lodmation of the aromatic hydrocarbons is jiractioable with a mixture 
of iodine and nitric acid Benzene gives lodiibenzene, toluene furnishes 
a mixture of o and p-iodotoluene, the xylenes, etJiylbenzene, mesitylene, 
and thiophen yield lodo-derivatives, but with the higher hydrocarbons 
nitration occurs as well as lodination ; naphthalene gives lodo- and 
mtro-naplitlialene ;'’anthiacene is oxidised to aiitliracpimoiie Nitrogen 
iodide or iodine and potassium iodide solution with strong ammonia are 
effective lodinatmg agents on the phenols Phenol gives tniodophenol, 
whereas o- and p-mtiophenols furnish duodo-derivatives 
Benzyl chloride is produced by'^treatmg a mixture of toluene and 
bleaching powder or other suitable chlorine compound witli^siilpliur 
dioxide to liberate chlonne, the product being' separated by distilla- 
tion.*^ 

Synthetic Phenol 

Synthetic phenol required m the manufacture of picric acid is gener- 
ally produced by the fusion of sodium benzenesulpbonate with alkali. 
Much attention has been devoted to this fusion with tlie object of 

’‘V.SudboiougliaudLakhuinilam, Soc Tians, 111, il 1917, 333 
“ Ddtti and Chattel jee, J Amer Qhem Soc, 1916, 38 , 2515, J, 191'^, 26. 

Datta, Oiiatterjee aud Prosas, J Amt) Chm Soc,ldl7, 39, 435, 441 
*7 Comnt, U S Pat 1233986; J, 1917, 1002 
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increasing the yield, diminishing the cost”’of raw mateiials, and mabiig 
the process as continuous as possible 
Calcium benzenesulphonate treated m aqueous solution with sodium 
sulphate yields calcium sulphate and sodium benzenesulphonate, the 
latter bemg fused, with caustic soda The fused mass is dissolved in 
watei and acidified with carbon dioxide and sulphur dioxide derncd 
from a mixture of oalcmin carbonate and calcium sulphite by theaction 
of sodium hydrogen sulplute This double decomi'os.ition leads to 
calcium ^sulphatft and sodium sulphate On passing the foregoing 
gases into the alkaline solution of the melt, phenot ih liberated and 
sodium sulphite and sodium carbonate aie pioduced. These salts, 
on treatment wiHi lime, yield caustic soda and a mixtuie of calojum 
carbonate and calcium sulphite This mixture can be used for pio- 
ducing a fuither evolution of caiboii dioxide and sul])])Ui dioxide The 
other by-products can abo be utilised m subsequent opeiation* so that 
the whole process becomes regenerati^ e and economical 
A cyclic process foi phenol and othei aiomatic hvdiuxy-deuvatives 
IS brought about by the mteractiou m aqueous solii+ion of sodium 
phenoxide and benzenesulphonic acid (freed fiom sulpbuiic acid, i 
page 92) This interactiou gives the phenol and sodium benzene- 
sulplionate, the lattei when fused with caustic alkali yielding sodium 
phenoxide to which the first reaction can be apjdieci 
The alternative route to synthetic phenol fiom cbloiobenzeiie which 
was lefeired to m last year’s repoit^® has again received attention. 
A mixture of chlorobenzene (1 mol ), caustic soda (2 to 3 mols ),and ^vater 
(about 20niols ) is heated under pressure at OOO^'C in% suitable apparatus 
arranged foi continuous operation A solution of sodium chloride and 
phenoxide results from which phenol is liberated by acid “ 

The lower p]^enols are produced from the less volatile tar acids by 
spraying them with a jet of hydrogen into a chambm containing a 
mckel catalyst mimtained at 600"-650° C “ 

Phenol is obtainable from the cresols by fusing these with excess of 
caustic soda or potash and adding an oxidising agent such as copper 
oxide, or a peroxide of lead, manganese, barium, iron, etc The fused 
miss is powdered and heated at 300° C. in carbon dioxide, when phenol 
distils over, or the intermediate liydroxybenzoic acids aie fieed irom 

« D Tyier, Pat 121072t;, Eng Pat 104220, J, 1917, 208 
Dennis, US Pat 1227894, J, 1917,866 * 

Ann £ej> , 1916 75 

« Ayl»\coith,U.S Pats 1213142 1213143, 1917, 383 

E'lrai^e, U S Pat 1208833 , J, 1917, 208 
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the melt by acid and heated* at 250° with crude anthracene oil, when 
carbon dioxide is lib^ated and phenol distils over 0 

Snlicijhc Acid and othei Eijdioxijca'tloxijkc Acids 

The production of diy sodium pheuoxide (phenolate) required in the 
manufacture of salicylic acid is effected by mixing intimately in a 
speciaRy constructed grinding ball-mill equivalent quantities of phinol 
and caustic soda^with about 5% of sodium sulphite, the mixture being 
meanwhile heated at 250°-280° C The steam crapes through a 
hollow trunnion of the mill, and the dry product is cooled in vactio to 
prevent absorption of moisture ** This dry sodium phenoxide is placed 
m a rotating autoclave, carbon dioxide is introduced, avoiding rise of 
temperature. When absorption has almost ceased the pressure of 
carbon dioxide is increased to more than 100 lb per sq in , the gas 
supply IS then interrupted, and the autoclave heated to 120°-U0° C 
The crude sodium salicylate thus produced is dissolved m nine parts 
of water, the solution, made faintly acid with sulphuric acid, is pumped 
through a column of granulated zinc, and then, after heating to 80 °- 
100° C , through a tower containing a mixture of 95% of charcoal and 
5% of ziiio The filtrate when acidified furnishes colourless salicylic 
acid 

When a fused mixture of a cresol and caustic soda is electrolysed the 
corresponding hydioxyhenzoic acid is produced KSodiiim salicylate 
is obtainable by electrolysing with 5-8 amps per sq dcni in the anode 
compartment a mixture foimed by adding o-cicsol (one part) slowly 
to caustic soda (tlree to five parts) and water (one parti, and then 
heating at 24'0°-250° C Nickel, nickel-steel, or iron electrodes are em- 
ployed.^® 

1 . 5-Dihydroxynaphthalenechcarboxylic acid, a naphthalene analogue 
of salicylic acid, is produced from 1 6-dihydioxyiiaphthalene by the 
action of solid sodium bicarbonate in the presence of an indifferent 
medium such as tnchlorohenzene or mtrobenzene 
The polyhydnc phenols are fairly reactive towards the alkali bicar- 
bonates. With potassium hicaibonate at 120° C under atmospheric 
pressure, resoremol yields 2 i- and 2 6-dihydroxyhenzoic acid, whereas 
pyrogallol furnishes 2 3 6-tnhydroxyhenzoic acid. At 200° C. under 

Teriisse, Eng Pat 108938, /, 1917, 1001 
^ €veritt, Eng Pats 105011, 105614 , J , 1917, *68 1, 614 
ErentS Kng Pats 105612,105613, J,1917, 584 
Pomiho, Eng Pat 1037(l9 , J, 1917, 382 
F von Hemmelmayr, G-er Pats 296035, 296501, J, 1017, 590 
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pressure catechol is converted into its dicarboxylic acid and resorcinol 
yields 5t-re!5odicdrboxylic acid At 260"-270° qmnol gives rise to a 
dicarboxylic acid At 230’, 1 5-diiiydroxyiiaph.thaleae gives its 
dicarboxylic acid Tins acid and its alkali sait^ dve wool m yellow 
shades, which turn into brown dyeings on treatment Witi chromic acid 
1 6-Dihydroxynaphthalene furmshes a yellow monocarljoxyhc acid 

• Red^ictwh « 

A drasj^.ic, metkid of reduction which leads to the conversion of 
authraqumone into anthraqumol and anthrone, and of benzophenone 
into /3-benzpinacoim, is brought about by dissolving the ketonic 
substance in excess of concentrated sulphuric acid, and then adding 
aluminium pow'der, with cooling and stirring Copper is sometimes 
employed as the reducing metal 

Irkhen acetic or benzoic acid is present the acetyl or benzoyl deriva- 
tives of the hydroxy-compound is produced In these circumstaixces 
anthraqumone yields diacetyl- or dibenzoyi-anthraqumoi 

Certain aromatic nitro-compounds, such as p-mtrotoiuene, p-nitro- 
phenol, or p-nitroanisole, are reduced to amines b} hydrogen and 
platinum black The aiomatic mtroi>o-compounds behave similarly 
The terpenoid mtroso-denvatives are in these circumstances reduced 
to hydroxylammes , for instance, 8-mtrosomenthone yields 8-hydroxyi- 
animomenthone.®*’ 

Electrolytic Reduction of Nitro-Compounds 

* 

The specific action of the electric current on aromatic nitro-compounds 
in the cathodic cell has long been known to yield ammohydroxy- 
denvatives, although these products are accompanied by amines 
The formation of-^-he latter substancea,is dimimshed, and the production 
of aminob,ydroxy-denvatives increased, by using a cathode containing 
two metals. For this purpose an alloy may be used or a simple metallic 
cathode may be present, the second metal being introduced in the form 
of its salt dissolved in the electrolyte. Alternatively the cathode may 
be of carbon, both metals being deposited thereon during eleotiolysis 
Nitrobenzene, leduced through a plain lead cathode, gives y-ammo- 
phenol and aniline in the proportion of 2 to 3, whereas a copper-lead 
cathode yields these products m the proportion of 5 or 6 to 1. Other 

Monaiih Chem , 1917, 38, 77 , J, 1917, 1268 a 

Eckert and Poliak, CAm , 1917, 38, 11 , /, 1917,866 Gei Pat* 
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cathodes are copper i\ith lead and arsenic in the electrolyte lead with 
bisninth, or copper with mercury or with tin or arsenic. “ " 

Pfoductioii of Aromatic Amine& 

In the last Report reference was made to the -direct reduction of 
the vapouis of aiomatic nitro-derivatives with hydrogen m the presence 
of catalysts This process is still under examination, and it has now 
been found that the hydrogen may be mixed with carbon monoxide 
and a zinc compound may be employed to activate -the copper 
catalyst.®* 

Attempts have been made to bring about direct combination between 
benzene and ammoma, but even at 700° C. only a trace of aniline is 
formed. In presence of freshly reduced iron, copper, or nickel some- 
what larger amounts of aniline were produced 
A general method of producing N-alkylarylammes arises from the 
interaction of a primary arylamine and an aliphatic aldehyde in the 
presence of a reducing agent in a medium not possessing a strongly 
acidic character. The anhydroaldehyde-amme or Schifi base pioduced 
from the amine and aldehyde is simultaneously reduced to alkylaromatic 
amine. Methylanilme is conveniently prepared by this process, the 
first-formed methyleneamlme being reduced to the secondary base 
by zmo dust and caustic soda at 90° C.®® 

The foregoing process leads to methylanilme free from dimethyl- 
aniline, whereas the interaction of molecular proportions of aniline 
and dimethyl sulphate m benzene solution does not yield exclusively 
methylanilme methylsulphate, C 0 H 5 N CH 3 ,CH 3 ’HS 04 , but gives a 
mixture of crystalline amhne methylsulphate and mono- and 
di-methylainhnes. The course of this action is followed by means 
of hypochlorite colour reactions Jn neutral solution, ^milme only gives 
a reddish purple coloration. In sbghtly acid solution, a deep orange 
yellow IS characteristic of dimefchylaniiine, whilst amhne and metliyl- 
anilme give an indigo blue which is most pronounced with the former 
base if the hypochlorite is added last Methylanilme gives its most 
distinctive reaction m faintly alkaline solution, a white precipitate 
slowly developing a navy blue coloration fadmg to yellow.®* 
Diphenylamine is greatly in request not only as a colour-producing 

’I Soc Qhem lad Basle US Pat 1207798 , /, 1917; 129 
-•’* B A S P , U S Pat 1207802 , J, 1917, 78 
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inteimediate, but also as a stabiliser for higb expioqves Its pro- 
duction from aniline and aniline liydrocliioride is greatly facilitated 
by the use of suitable catalysts. Aniline when heated with ferric 
chloride, finely divided copper and iodine is converted into diphenyl- 
amme 

yield of 04% of plienyl-a-naphthylamine calculated on a-naphthol 
is obtaineij by heatinii for 10 hours at 300^ C a-naphtbol (1 mol ), 
aniline (2 mois ), and caluuin chloride (1 mol ) ^he product after 
remov)«ig»unalt?red reagents is distilled in vacuo m a curient of carbon 
dioxide 01 hydrogen 

The production of aromatic amines by heating chloio-deiivatives 
with aq^ueous or alcohobt ammonia under pressure, sometimes in 
the presence of a coppei catalyst, b being increasingly utilised on an 
industrial scale 2-Ammoantbraquinone is thus piepaied from 
2-chloroanthraqumone and aipieous ammonia^ either with or without 
copper or copper salts Derivatives of 2-ammoanthiacjuinone are 
produced bv the same process. 

Co,densaiioii<i 


Ketones of the thiophen series aie prepared m satisfactory yield 
by heating thiophen with aliphatic and aromatic acid chloiides in the 
presence of phosphoric oxide Condensation takes place with elimina- 
tion of hydrogen chloiide on heating the reagents m a reflux apparatus ** 
Benzoylation of 2-hydioxyanthraquinone and its derivatives takes 
place on heating these substances wth 10 to 15 i^rts of benzoic acid. 
Sulphuric acid accelerates the condensation but its presence is not 
essential,®® This process obviates the use of benzoyl chloride. 

Aromatic polycarboxylic acids aie readily produced by nitric acid 
oxidation of uialkyhndanediones, -'which are obtamed by condensing 
dialkyjinalonyi chlorides with aromatic hydrocarbons m the piesence 
of alummmm chloride 


CcHo-fR2C(COCl)2- 




■ CoH4(C0,H)2. 


This example leads to phthabc acid, but other less accessible poly- 
carboxylic acids are obtainable by this process, for example 1 2.3 4- 


B. J Ilurscliem, U S., Pat 1212928, J, 1917, 382 o 
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h.'iizenetctrafaiboxyilc acid (mellophamc acid) from p-xilene, and 
1 2 3 5 -ben 2 enetpiiacarboxylic acid (prebnitic acid) from m-xylene 
p-Ii_vdioxybenzoyl-o-benzoic acid, HO Ct>Hi CO CO 2 H, the 
inteiuiediate pioduct m the formation of phenoiphthalein from phenol 
and phthalic anliydiide, has been employed m the ‘synthesis of mixed 
phthaleins Resorcinol gives ribe to two isomeric phenoiresorciaol- 
phthafems, wheieas a- and /3'naphthols yield the coriespopdmg a- and 
/3-naphtholphenolphthalemp * 

.Dl- AND Tri-phenylmethane Dy^es 
An interesting development m the synthesis of diphenylmethane 
colouiing matters arises from the employment of mdole derivatives 
in these condensations 

An mdyl dye of this new type is produced by condensing i-chloro- 
2-methyl4-dimethylaminohenzophenone (I) with H>ethyl-a-phenyl- 
indole (II). The resulting intermediate is heated with p-phenetidine and 
the second product (III) is sulphonated The sulphomc acid dyes wool 
in reddish blue shades very fast to hght 





II 


C2H5O 






.<Q>N(CH,)2 

jjC(C|jH5)\ 


v 




III 

The employment of o-cresotic acid in the production of tnphenyl- 
methane dyes is still a subject of investigation Chlorinated xylenes 
are further substituted m the side chains when exposed to light and 
chlorine at 100“-130'' The products treated with sulphuric acid are 
converted into chlorinated dialdehydes or arylaldehydooarboxylic 

Fieund and Fleischer, Z angm, Chem 191f5, 29, 421 , J, 1917, 77 
OrndorfE and Muiray, J, Amer Chem Soe 1917, 39, 679, J , 1917, 542 
Stock and ISicoclemns, (M L & B), US Pat 1217238, J, 1917, 449 
Gcr Pats 290065,295495) 1916,531, 1917,287 
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acids Tliese substances are condensed with li-ciesotic acid, and tlie 
resulting l^uco-deiivatR e oxidised with sodium nitiite m concentiated 
sulphuiic acid. These djes from chlorinated arylaldehydocarboxylic 
acids and o-cresotic acid dye wool m brown-red shades from acid-- 
baths, these tints being concerted by chroming into blight violet-blue 
dyeings very fast to washing and miilmg.®^ 

^Acndtne Dyes as Disinfectants and Gennicjdes 

The success a'ltending the use of acnflavine diaminomethylacndinmm 
chloride* his led to investigations on acridine dyes with the object of 
finding other equally efficacious products The cadmium and -silver 
salts of 2.7-dim«t;h3d-3 6-diammoaGridme {methylated at the acridine 
nitrogen) have been specially claimed as having a well-marked dis- 
infecting action The silver salt is a hrownish-red po'wdei soluble in 
water, alcohol, acetone ethyl acetate, sulphuric acid. or acetic acid. 
It checks the growth, e\cn m very dilute solutions, of '•uch bacteria 
as streptococci or sphiiitis bacilli 

, Pyrone Colours 

A useful summary of the chemistry of the natural and synthetic 
pyrone coloius has been compiled this year by Everest The synthetic 
pyrones are divisible into two senes — the diphenylmethane or xanthene 
derivatives and the triphenylmethane or phenyKanthene derivatives 
The latter senes differs from the triphenylmethane dyes without 
pyrone rings m bemg less easily deeoloiised by reduction Coiiveisely 
the leuco-dem atives are moi e readily oxidised by a g In these respects 
the pyrone dyes behave more like orihu- than para-cjuinonoid colours. 
For instance, fast acid blue shows this resemblance to an orthoqmnonoid 
dye m a marked degree.®* 

Dialkylammo'^o-hydioxybenzoylbeiizoic acids condense with pyro- 
gallol te* form pyrone dyes of the phenylxanthene senes. 

OH 0 OH 0 

HO/\oH NEbA/ N/V 

\/\cO 

^pOsH 

\/ \/ 

Schnaidlin and M Ptseher, U S Pat 1219166, J" , 1917, 500 g, 

British Med. J.,l9i7,Sm 20, Pharm J, 1917, 98, 73, 1917, Ibl, V 

J,1912, 678 

6“ Hu^sy and Hartmann, US Pat 1227624, 1228926 , J, 1917, 867, 905. 

^ J Soc Dyers and Col , 1917, 33, 78 
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A more complex colouring matter i& obtained giving fast greenish 
olive on a clirnme mordant by heating this pyrone dye with as-*climethyi- 
or oj-clietliyl-p-phenylenediamine 

Dijes Pwduced hj the Oxidation of Aiomatic Amines 
The oxidation oi aniline and its liomologues is facilitated by the use 
of small quantities of metallic salts acting catalytically Among the 
salts already used for tins purpose are those of copper^ iron aisenic 
and vanadium. It has now been demonstia^-ed thatrmolyJ.>djitPs are 
effective in bringing about these oxidations This catalytic action may 
be manifested either at high tempeiature& or m waim aqueous solutions 
A mixture of anilme and p-nitroamline hydiocMoiicfes, nitrobenzene, 
and a small amount of ammonium molybdate is boiled and the tempera- 
ture raised to 220°-230° C The resulting paste dissolves in water and 
the red dye which is precipitated by sodium carbonate is applied in 
a bath of dilute acetic acid 

Unmordanted cotton, wool or silk is dyed in black ordaik blue shades 
by padding at 70° 0 with a mixture of o- or ^-chloroan^lme, hydio- 
chloiic acid, diphenyl amine, potassium bichiomate, potassium chlorate, 
and a small amount of ammonium molybdate, dissolved m water The 
dyed material is afterwaids put through dilute caustic soda 
The leaction taking place between ^-phenylenediamiiie (iiisol) and 
hydrogen peroxide in the formation of a hair dye has been systematically 
studied The best defined product is the tetraminodiplienyl-p- 
azopheuylene of Bandrowski . 









''N- 


NH. 

The yield of this product was always siioit of the calculated amount, 
even after three months After removing Bandrowski’s base, the 
unaltered p-phenylenediainme was estimated as p-benzoquinonedi- 
chloroimide by precipitation with excess of calcium hypochlorite solution 

•’^'^Durand, Hugueraa and Co , Eng Pat 10732/1912 and 110042 and Gter Pat 
297147 , J, 1916, 1214 , 1917, 1174 

de 51ag7, King, and Odell Eng Pat 16203 of 1915 , J , 1917, 78. 
Heiduschta and Gfolclstein, Arci Fharm , 1916, 254, 584 , J , 1917, 1002 
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By oxidising ji-phenylenediamme in ammoniacal solution \uth potassium 
ferricyanide the foregoing oxidation product can he obtained almost 
quantitatively 

Potassium persulphate m cold neutral solution oxidises aniline to 
aniline black and •o-toliiidine to o-toluidme black Acetanilide and 
benyianilide, when heated with concentrated aqueous persulphate, 
yield p-benzoquinone, the acyl group being liberated in the form’of the 
corresponding jwd • 

• * * 

Indamine and Azine Dyes , 

The introduction of acyl groups into mdamines of the type of tolylene 
blue increases th?ir fastness to washing but not to acids or to light 
The hydrochloride of an indamine of thiS type is produced by con- 
densing 4-p-mtroso-44-acetylaminodi[iheLvidirjiie with 2 f-tolvlene- 
diamine 

CH,; 

, ,!sH> 

illHa CO NH CH4 XCbH. ' 

XH2 

1. 

With p-mtrosoethyl-^x-naplithylamine and 2 4-tolvieuediamme an 
azine (If) is produced 


C.H-, 


\/ / ^ / 

KHs A 


OH; • 

/XH2 


li 

^-Mauveme, prepared by oxidising a mixture of ji-phenyienedianune 
and dipheuyl-wi-phenylenediamine, is converted into the dye, phenyl- 
aposafranme, III or Ilia, by elimmatimi its ammo-group through 
the agency of the diazo-reaction 

/ Z"". . 

G,H5 N or C.,H, XH-h, 

A "-X ^ 

H XO 2 CoH, A 

• CoH-, NQj 

in iiiA 


™ Oatta and Sen, J Amei Chem Nor 1917, S9, 747, J , 1917, 5b7 
71 Jehnnann, Ser,19L7, 50, 554, /. 1917, 639 
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AzO'DYjES 

f 

Eesfidicli m culoiii chemistry is still largely concentrated on the pro- 
duction of new and improved azo-dyes 
An added stimulus to the production of azo-d}es capable of forming 
lakej, with metailie mordants is afforded by modem views on residual 
affinity and co-ordinated compounds to which reference was made last 
year ” 


O'Dihydrpxyazo Dyes and timr Metalkc Derwaiwh ' 

Azo-dyes containing two hydroxyl groups in positions contiguous 
to the azo-complex have the orientation required for'che pioduction of 
co-ordinated metallic salts m which the metaihc atom replaces the 
hydrogen of one hydroxyl group through the agency of its principal 
valencyj while its residual affinity leads to co-ordmation with the 
neighbouring hydroxyl group, and the setting up of a cyclic complex 
in which the metallic atom and the azo-group are both involved 

In addition to the copper and chronmm lakes aiieady described in 
last year’s report, the lange of metals has been increased by the in- 
clusion of nickel, cobalt, iron, aluminium, vanadium, and uranium 
The tints produced on dyeing with the salts of these metals from an 
acid bath differ from the shades obtained from the free azo-acirls 
These tints can also be developed by processes apphcable for chrome 
mordanted dyes 

The chromium lakes^* of sulphonated dihydroxyazo-dyes are obtained 
by heating these ^zo-derivatives with a solution of alkali chromite, 
The chromium compound of 4-sulpho-l-hydroxynaphthalenea2o-/5- 
naphthol (I) gives fast bright blue shades on wool and silk The azo- 
derivative (II) of ohromotropic acid gives similai tints o-Hydroxyazo- 
denvatives of l-acyl-3-methylpyxazolones and ciesotic acid^ furnish 
chromium salts giving red and orange shades respectively 



II 


Ann Sej) , I, iyi6, 85 

Eng Pat 16803, 16916/1915 , J, 1917,78 

Engl, Straub, and Grob, Soc Ohm Ind Basle, E S Pat 1221849 , J , 1917, 642 
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These chromic salts show them co-oidiDated character by them 
stability in* the presence of strong alkahs. Azo-compounds having the 
requisite constitution are obtained by coupling with 2 molecules of 
6-amino-a-naphthol-3-sulphonic acid (J acid) or a derivative, or with 
one molecule of this acid or a derivative and one molecule of any other 
coupling intermediate, the following diamines 



In the latter formula X'^ is one of the following bivalent groups. 
CH 2 , CO, orNHCOXH-o 

The resulting dyes have, m addition to their mordant-forming 
capacity, the property of dyeing directly on cotton 
Mordant azo dyes, capable of being afterchiomed and of giving 
soluble metallic compounds with copper and other metals, are obtained 
by coupling an o-hydroxydiazo-compound or a diazonium carbosylate 
with the condensation product of a dihydric phenol (resorcinol or a 
dihjdroxynaphthalene) and an alkyl /3-keto-carbosylate, such as ethyl 
acetoaceiate or ethyl oxaloacetate ” 

The following dyes are derived respectively from the methyicou- 
marmyi derivatives of resorcinol and 2 T-dihydroxynaphthalene 
respectively • 

CHo 

HSO3/ 

m Ho\/\^/^^ 


HO3S 


>~N Nx 


HOoC OH 


C{CH3) CH 

c'o 


Palatine chrome black 6B has been the subject of a systematic 


Soc Oliem lad Bisle, Eng. Pat 102381 , J , 1917, 210 
Eng Pat 102881, 103251/1916 , J,, 1917, 210. 

Soc Chem Ind, Baele, Eng Pat 110066, J", 1917, 1174 
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lesearch by I Tormoka, wbo, after preparing i-ainiiio-2-naphtbol- 
4-sui phonic acid by several methods, has diazotised it with sodmm 
nitrite, zinc chloride, and subsequent addition of acetic acid. The 
diazo-oxide was then coupled with jd-naphthol 

OH OH 



This research is of interest as illustrating the practical difficulties ol 
diazotising easily oxidisable o-ammonaphthols, an(f of coupling the 
resulting internal diazo-oxide with /5-naphthoi ” 

The diazo-oxide from the industrially important 2-ammophenol- 
4-sulphonic acid is a very soluble substance giving an intensely yellow 
solution. It IS rarely liberated from this solution when utilised in 
forming chromed black dyes Its isolation in a state of purity is 
facilitated by the use of purified liquid nitrous anhydride added to 
a cold concentrated solution of 2-anunophenol-4-suIphomc acid con- 
taining some of this acid in suspension. This method of diazotisation 
is applicable to the isolation of other orthodiazo-oxides soluble in 
water. 

A study of 1.5-dihydroxynaphthalene has led to the discovery of 
several interesting properties regarding this mdiistnally important 
naphthalene derivative 5-Methoxy-a-naphthol, formed by partial 
methylation with dimethyl sulphate and alkali, gives an ortho-isonitroso 
derivative, 5-methoxy-l 2-naphthaqninoneoxime , it also yields mono- 
and dis-azo dyes, the diazo-groups passing successively into positions 
4 and 2.®** 

This investigation®^ of 1 5-dihydrox}Tiaphthalene has thrown light 
on the constitution of the important chromed azo dye, diamond black 
P .V . The dihydroxy-derivative contains two reactive positions, 2 and 4. 
It only forms a monomtroso-compoiiud m which the mtroso-group 
enters position 2. Hiazomum salts yield only monoazo-denvatives, 
in which the azo-group becomes attached at position 4. This orientation 
is confirmed by reducing the nitroso- and azo-denvatives, which give 
rise respectively to 2-amino- and 4-amino-l .5-dihydroxynaphthalene, 

^ I Chem Ind. Toledo, 1917, 29, 577, J, 1917, 1043 
Morgan and Tomims, Chem Sot Trans , 1917, 111, 497 

80 f) Fisehf^p and H-.mmerscliied, J pr Chem , 1917, [H], 95, 17 
Otto Fischer and Baur, J pr. Chem , 1917, [llj, 95, 261 
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Tile o-diazo-oxides behave differently to the diazonmni salts, and on 
coupling ivith l.S-dihvdroxynaphthalene furnish ortho-azo-denvatives 
with the azo-group in position 2 Diazotised o-aminophenol and 
1.5-dihydroxynaphthaiene give 2'-hydrosybenzeue-2-azo-l 5-dihydrosy- 
naphthalene This azo-compound and diamond black PT both 
furnish 2-animo-l 5-dihydroxmphthaIene Hence diamond black 
P.V. is the chinmic lake of 1 5 dihvdroxynaphthaiene-2-azo-2'-phenol- 
5'-sulphomc acK^ 



\/'\/ m 

OH 


The copper salts of hydrox\azu dyes maniest co-urdmated ciiaracteis 
similar to the corresponding chromic compounds and increasing atten- 
tion IS now being paid to the application of such copper derivatives 
in dyeing The production of these compounds is not restricted to 
homocyclic intermediates An interesting series of stable copper salts 
has been produced from aromatic diazo-oxides and heterocyclic com- 
pounds containing the reactive group CH^ CO The following types 
of heterocyclic intermediates have been utilised “• 


/\/“x 

1 1 CH, 

VW 

diketuhydro- 
indenc pennapthindandione 


^-CO^ 

>-CO' 


>>■ 


'®\ /\/“\ /v“\ 

CEj.| I CH. I , CH, 

■cq/ V\co,/ \/\co/ 

3-oxy-l-thio- ketocumarane mdoxyl 
naphthene 


The copper salt of a hydroxyazo-denvative of oxvthionaphthene is 
obtained by coupling this cyclic ketone with l-diazo-2-OKynaphthalene- 
4-«ulphonic acid, . 


Wuth and Jagerspaelier, Soc Chera Ind Basle, TJ S. Pat 1233433, Eng. Pal 
12249, 1915, J',1916, 922. 



108 


REPORTS OF THE PE0GBK58 OP APPLIED CHEMISTRY 


/\/\ 


• N. ■ 


\_/ 

-/ '>SOsH 


''OCui HO 

and treating the azo-dye successively with copper sulphate and 
sodiujSa carbonate Whereas the azo-dye itself gives only red 
shades on wodl, the copper salt gives violet blue shades from 
an acid bath, fast to washing, alkali, or light *The eo-ordmated 
copper dye (acid salt) probably has the foregoing constitution The 
copper in these compounds is not precipitated b^ caustic soda or 
ammonia 


Azo-Dyes of the Tnphenyhnethane Senes. 

An ingenious combination of the azo and tnphenylmethane series 
of dyes has been brought about by diazotismg the leuco-denvative of 
ammo-patent blue and coupling the diazonium salt with ^-naphthol, 
l-phenyl-3-methyl-5-pyrazolone, or acetoacetamlide, or other inter- 
mediates giving o-dihydroxy-azo-dyes The products dye wool m 
greenish shades, and furnish valuable chromic and cupric salts, the 
former giving fast green dyeings, vrhereas the latter produce blue shades 
With the /3-naphthol compound (I) and greens with the /S-diketo-denva- 
tives (II) On the fibre these co-ordmated salts are veiy fast to light 
and washing The copper compounds can be isolated and used m wool 
dyeing 



I 


CHs 


/C=N 

I 

/OH ^C-NCeHs 
[n{C2H5)2<^-]ot-<^S03H oh 

SOsH 

II 


These triphenylmethane-azo-dyes come into the category of o-di- 
hydroxy-azo-colounng matters, and as such give rise to stable metallic 
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lakes dyeing in distinctive skades The required configuration is 
arrived at fiy two distinct methods, in dddition to the foregoing process 
from diazotised o-aminohydroxvtnphenvlmethane derivatives 
These alternative methods are (1) the coupling of an aromatic 
o-diazo-oxide with a hvdroxytnarylmethane, derived from a reactive 
phenol, and a diarylhydrole contaming secondary or tertiary ammo- 
groups or hydroxyl and carboxyl groups , (2) the azo-compound’ from 
an o-diazo-oxide and a phenol is condensed with a diarylindroie 
containing geconiiary or tertiary ammo-groups or hydroxyl and 
carboxyl groups.®* 


o-Aminnhjfdroxjjazo-D^es and t?teir Chromic Lakes 
la 1902, the writer*® showed that m-diammes (I) substituted m the 
reactive positions X and Y still retained the property of coupling 
with diazomum salts EX^Cl to gu’e rise to azo-deri\ati\e,s of the 
general type II — 



I 


Y 



II 


These azo-denvatives containing the azo-group ortho to both 
ammo-radicals gave yellower dyeings than those m which the dzo- 
complex is in‘]ortho-para-positionwith respect to the amino-groupt, 
This possibility of obtaimng an azo-couplmg from a w-diumme 
substituted m the ortho-para-positions X and Y has been utilised 
m the production of a khaki dye (III), giving with chrome mordants 
yellower shades than metachrome brown B ®* The latter dye (diazotised 
pieramio acid on^-tolylenediamine) is coupled with the diazo-derna- 
tive of *?-ammobenzeneazosahcylic acid The resulting trzsazo dje 
(Til) probably has the c&nstitiition — 


NHo CH. 


OHC^ 


CO2H 


NH.' 


NOi 

/“\ 


OH NOi 


III 


FuQcke and JagerspaCher Soc. Chem Ind Basle, tJ 8 Pats 123719^1237193, 
7,1917,1002 • 

8* Soc Chem Ind Basle, Eng Pat 104743, 7, 1917, 500 
8'’ Chem- Soc Trans 1902, 81, 86 

E F Ehrhardtancl H W Ehrhardt, Bug Pat 108613, 7, 1917, 1043 
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Azo-'Bigme'nts 

r 

Closely connected with the subject of mordanted hydroxy-azo-dyes 
IS the problem of producing azo-pigments of suitable brilliancy and 
durabilit}. Certain of the most successful azo-pigments have chemical 
constitutions suggesting the probability of co-ordination complexes 
Lithol red (I) contains its hydroxyl and sulphonic gioups contiguous 
to the azo -chi omophor A metallic atom would replace, the hydrogen 
atom of the ihore acidic sulphonic group, and thenyco-ordinate with 
the adjacent hydroxyl-group to form a cyclic mdiailic complex 

Q 'V 

I ^2— \ no/ \ ^N2 ^ 

\ / / \ 

SObH ...ho \_/ 

I II 

A similar arrangement of substituents is noticeable in the pigment 
lake red P (II}, and m the pigment scarlet 3 B (III), wh5i:e the carboxyl 
group becomes involved m the co-ordmation complex ” 



\_/ 


III 


An interesting group of azo-pigments is based on the employment 
of 1-aminoanthraquinone This base diazotised and coupled with 
ethyl aeetoacetate m the presence or absence of substrata (co-precipi- 
tated compounds) gives rise to a yellow pigment (I) siutabfe for lake 
formation, insoluble m w'ater, oil, or alcohol, and very fast to light «“ 


CO CO HO C*CH 3 

\_y 

-n:n— C'CO s C2H6 

I 


0 Baudisch, Z myew. Chem, 1917, 30, 133 , J, 1917, 705 
88 B A S F , G-er Pats. 295025, 297186, 296991/1914 , J , 1917, 78, 592, 689 
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The essential groups in these pigments are the carboxyl and hydroxd 
radicals in* proximity to the azo-chromophor The carbethoxyl group 
CO2 CiH,, may be replaced by GO NHR where R IS an aromatic 
nucleus 

Bright red azo-pigments (II) are produced by coupling anthra- 
quinone-l-diazonium chloride with 8-benzoylammo-^-naphthoI or its 
derivatives substituted in the benzoyl group, with or without Turkey 
red oil and ifl the presence or absence of substrata These red pi2ment« 
are insoluble m gil or water^ are not affected by alcohol or calcium 
hydroxide, and are remarkably fast to light • 



C.H5 CO NH< 

II 


The benzoylamino-group CeHs’CO NH may be alkylated to 
CeHs CO N(CH3), giving rise to similar red pigments. In the 
latter case the sulphouic acids (III) of alkyl-a-naphthylammes are used 
as intermediate compounds, being converted by caustic fusion into 
naphthol derivatives (IV), and these products benzoylated in the 
alkylammo group (V) ^ 

CO-CoH5 

NH Aik NH Aik NAlk 

/\/\ 

SO3H' 

III lY 



Azo-Dyes for Wool. 

The industrially important y-or G-acid ( 2 -amino- 8 -hydroxynaphtha- 
lene-6-sulphonic acid) is utilised in the production of red azo-dyes by 
coupling m acid solution with diazotised acylated »?-phenylenediamme- 
sulphonic acids, the free azo-sulphomc acid having the followmg 
formula : 


Bergdoit and Synthetic Patents Co , TJ S Pat 1201644 , J , 1916, 1214. 
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SO 3 H NH 2 

-Nr 

CH3 CO m jjQ. 

SO3H 

Acvlatcd derivatives of p-plienylenediamme have been employed m 
a similar mannpi tlie following product with a-naplithdi-i-sulphonic 
acid (N W ) giving on wool bright scarlet red shades, /ast to fiillmir : 



In addition to its emplojment as a component of direct cotton dyes, 
J acid (2-amino-5-hydroxynaphthaiene-7-sulphonic acid) has been 
utilised in producing wool dyes amenable to after-ohjfommg The 
suitable contiguity of hydroxyl-groups is secured by coupling J acid 
in alkaline solution with an o-diazo-oxide The resulting o-dihydroxyazo- 
derivative is then diazotised and coupled with ethylbenzylamline-4- 
sulphomc acid or a homologue The free sulphomc acid of the final 
disazo-dye has the following constitution 



OH OH 


In this coupling, othei o-diazo-oxides may replace the one from 2- 
amino-4:-mtTophenol 

Wool dves ranging from yellowish orange to bluish red are produced 
by coupling the bisdiazonium salts of 3 3'-diaminodiphenyimethane 
and its homologues with 2 molecular proportions of intermediate azo- 
component, of which one molecule is a naphtholsulphomc acid 
3 3'-Diamino4 4^-dimethyldiphenylmethane is bisdiazotised, and 
coupled successively with l-(4'-sulpb.o-)-phenyl-3-methyl-5-pyrazolone 
(in aqueous sodium acetate) and a-naphthol4-sulphonic acid 'in 
aqueous sodium carbonate) The disazo-dye ' 


^ Hauptmann and Synthetic Patents, Oo, U S Pat 1199890, J, 1916, 1151 
® Schoner, Akt -Ges f Anilmfabr , TT S. Pat 1213075 , J, 1917, 334 
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CHj C=X 

I N a,H4 SO4H 

.K N-U-C(OHj 



^CH,Ho/ \80,H 
. \ N = N 

gives reddisli-orange tints on wool, fast to light and washing 


Becdoped Azo-Coloius 

Considerable attention is still bemn devoted to the pioduction of 
colour on the fibre by the formation oi insoluble azo-pigments 

The acvlaniidcs of 2-hydroxy-3-naphthoic acid are greatly m request 
as suitable coupling agents They are produced by the following 
methods — 

• 

(1) A mixture of 2-hydioxy-3-nap]ithoic acid and excess of 
aioniatic amme is treated with phosphoius pentachloiide. 
The acid chloiide first formed reacts with the aromatic amine 
to furnish the coiresponding ac\lamide in quantitative 
yield ” The anilide and p-toluidide are obtained by em- 
ploying the corresponding bases in this condensation 

(2) An O-acylated 2-hydroxy-3-naphthoic acid is heated until an 
anhydro-derivative is pioduced Tins intermediate compound 
on treatment tv ith ammonia or an amine yields the correspond- 
ing amide 

The tetrahydio-a-iiaphthalide of 2-hydroxy-3-naphthoic acidjgives 
rise to led azo-pigments 

CH3 

CO NHCioHii 

Anderwert and iSchobel, Soc Chem Ind Basle, "PS Pat 1233742, ■?, 1917, 

1002 

M L and B , Gei. Pat 29t799, J., 1917, 286. 

M L and B , Qer Pat 295183, J, 1917, 286 

List and Synthetic Patents Co , U S Pat 1215359 ; J , 1917, 382 
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An interesting development m the art of prodncmg mwlnble azo- 
colonrs on the fibre arises from the disco veiy that certain of the inter- 
mediates employed in coupling with diazonium salts have considerable 
affinity for the textile fibres 

Among these mordantmg intermediates are the acyl derivatives 
produced by condensing 2-hydroxy-3-naphthoic halides or their 0-acetyl 
deiivatives with 2-ammo-5-naphthol-7-sulphonic acid (J acid) The 
product, 2'-hydroxy-3'-naphthoyl-2-ammo-5-naphthol^ -sulpbonic acid, 
which gives in alkaline solution the typical yellow colour oftlre alkali 
salt of an arylammo-denvative of 2-hydroxy-3-naphthoic acid, is 
absorbed by cotton from alkaline solutions and by silk from dilute 
acetic acid solutions It combines on the fibre with 2 molecular pro- 
portions of diazonium salts, and in this way useful dyeings fast to wash- 
ing are obtauied 

i\ji important gioup of developed dyes giving fast black shades on 
cotton and linen is obtained by making use of p-ammo -azo-compounds 
having the general formula NHo R No K hi (iUk )2 These compounds 
are obtained by coupling with tertiaiy amines, R N. (Alk) 2 , either (I) 
nitio aiomatic amines, NOj RNH 2 , or acyl-p-diammes, NHAc R.NH 2 . 
In the former case the icqiuied p-amino-azo compound (I) is obtained 
by Meldola’s method of reducing the mtro-group In the latter case 
this result (I) is produced by removing the acyl group by hydrolysis 

The Simplest example of this group is the developed dye (II) produced 
by diazotismg 4-dimethylammo-4-'p-aminoazobenzene (I). 

NH 2 N N N (CH,)2 


I 


and by coupling its diazo-denvative with the anilide of 2-hydioxy-3- 
naphthoic acid.®’^ 



Ther dyeing may be vaned byusmg more complex arylides of this 
hydroxynaphthoio acid, and by startmg with the homologues and 


Grieslieini-Elekiroii, G-er Pafc 295767, /, 1917, 542 
'■ Laska and Griegfieiaa Elektron, U S Pat 1206232, /, 1917, 78 
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derivatives of tlie foregoing ammuazo-derivativc fl) The teitwiy 
amme may be dimetbyl-m-toluidine, dimf‘th}d-i^-iia|)lithylamme or 
their homologues The conplmg bases may be 5-nitro-o-tohiidine, 
5-mtro-o-amsidine, or similarly constituted acylated p-diammes 


Direct Cotton Azo-Dijes 

Direct cotton»salt dyes having the property of developing on the 
fibre intense shafies of black on subsequent tieatn^ent vriih diazo 
compounds are obtained by couplmg the bisdiazomum salt of 4.4'- 
diaminoazobenzeije or its homologues with one nioh'ciilar proportion 
of chromotropio acid (1 8-dihydroxynapht]ialene-3 6-disuiphonic acid), 
and one molecuiai proportion of m-phenylenediainine The azo- 
oompound made by coupling p-nitroamlme with p-ciesidme (3-amino-4- 
methoxy-l-metlivlbenzene) leads on mild reduction to the intermediate 
diammoazo -compound (I), 

OCHa 



I 


which on bisdiazotisation, and coupling with tho foiegomg intei- 
mediates furnishes the tnsazo-dye (II), giving violet shades on cotton 


OCHj 

NHj<^ 

‘N'aOjSX 


OH OH 




CHa 


KaOA/\/ 


.feO,Na 


II 


Black shades are developed by the further action on this salt dye of 
p-nitrobenzenediazomum chloride 
The production of direct cotton azo-dyes from J acid is exemplified 
by a scries of tetrakis-azo-denvatives in which this aminonaphthol- 
sulphonic acid (m alkaline solution) is the penultimate component and 
resorcinol the final component As an example of this group the follow- 
ing dye may be formulated — ^ 


^ Tbis patont contains a recipe for producing these developed azo-pigments on 
the textile fibres, 

» Hangwitz and Ait -Ge* f. Amhnfabr , U S Pat 1209154 , J, 1917, 211 

H 2 
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OH 



SOsNa 

This dye and its analogues furnish blue shades on cotton, which^ 
owing to the iifesence of the resorcinol complex, aie inijxeased in fastness 
to light and washing by subsequent treatment witheformaldehyde 

A group of tnsazo-dyes, having the valuable property of dyeing 
both cotton and wool directly, is obtained by^an application of 
chromotropic acid (1 8-dihydroxynaphthalene-3 6-disulphonic acid). 
This acid is first coupled with diazotised p-nitroaniline (or p-amino- 
phenylglycino), and the monoazo intermediate is then coupled with 
bisdiazotised benzidine The second disazo intermediate which stiU 
contains a diazo-group is then coupled with a-naphthol-5-sulphonic 
acid to yield the trisazo-dye I This dye gives a blue tint on unmor- 
danted cotton (sodium sulphate bath), and brown to black shades 
on wool (acid sodium sulphate bath). A similar dye (II) is produced 
by coupling chromotropic acid successively with diphenylbisdiazonium 
chloride and diazotised picramic acid, and combining the resulting 
diazo-disazo intermediate with a-naphthol4-sulphonie acid. 



These tiisazo-dyes when on woollen goods are improved by after- 
chrommgA®^ 

OH OH OH HO NOa 

2'C6H4 C 6 H 4 Na-Y" Y 

SOiH^V^^OsH 

II 

Thejnarked influence of the unsaturated stjryl-group in deepening 
the colour and mcreasmg the affinity for cotton of the azo-dyes made 



Akt-Ues f Amlmf,Eng Pat. 101967, J 1917, 1174. 
Stebbms, US Pat 1236253, J, 1917, 1043 
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from mono- and di-aimnostyrylbenzimmazole bases is the subject of 
a research Iby Kym and Jurkowski These bases diazotised and 
coupled with /5-naphthol-3 6-disulphoiuc acid give direct azo colouring 
matters dyeing cotton in intense reddish violet sliadcs The azo-dyes 
from the corresponding aminophenylbenzmunazoles yield only light 
violet or lilac shades 

The styryl ^roup h a typical auxochrome displacing the ultra-violet 
fluorescence mtOi the visible spectrum. 

p-Distypylbenzefte, prepared from terephthalic aldehyde and mag- 
nesium benzyl chloride, is a coloured hydrocarbon with very powerful 
fluorescent propc^ies 

>cacH< 

The Dinzo-Reaction 

The utilisation of ammo-denvativcs of antbraquinone ni the pro- 
duction of azo^-pigments lends additional mteresr to a recent study of 
the diazo-dcnvatives of these amines 
The diazonium salts of the anthraqumone senes are remarkable on 
account of their comparative stability Antiiraqiunone-l-diazonmm 
chloride (I) dissolves unchanged in boiling water and crystallises 
therefrom on the addition of sodium chloride solution The p-chloio- 
deiivative of this diazonium salt is also very stable Anthraquinone- 
l.i-bisdiazonium chloride (II) can also be salted out fium its solution 
m boiling water Anthraqmnono-2-diazonium salts*are less stable 
These propeities suggest that the carbonyl groups of antbraquinone 
have a stabilising influence on contiguous diazonium groups, since the 
foregoing stable diazonium salts all contain the diazonium and carbonyl 


radicals m close proximity 



CO * N 2 CI 

CO 

N 2 C 1 

/\/“V\ 


A 


1 1 

! 1 

^\/ 
N'Cl 


CO 

1 . 

II. 



Ber , 1916, 49, 2681 , J, 1917, 209. 

Kauffmann, Ber , 1917, 50, 515 , 1917, 706. 

A Sehaarschnudt, Ber, 1916, 49, 2678 j 1917, 209 
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Anotlier step nearer to the isolation of the hypothetical p-diazoimnio- 
benzene (I) has been reached by the pxodnction of its snfiplest acyl 
derivatives (II) 

M N-Ac NCOCgHs 


N-N 

II. 




III 


The formyl and acetyl derivatives, prepared by adding liquid nitious 
anhydride and ether successively to an acetone solution of formyl- 
jj-phenylenediamme and acetyl-p-phenylenediamine respectively, are 
pale yellow compounds evolving mtrogen slowly at the ordinary 
empeiatuie, and passing into ill-defined resinous products The 
benzoyl derivative, similarly prepared, is stable under atmospheiic 
conditions, and so also is the benzoyl derivative {IIIl of p-diazoimmo- 
naphtbalene These diazoimides all couple additively to form 
azo-compounds with phenols, naphthols, and reactive aromatic bases, 
such as the naphthylammes and m-phenylenediamine and its homo 
logues. 

A comparative study of the diazo-derivatives of the sulphonic acids 
of the 0-, W-, and p-aminophenols showed that the o-diazosulphonic 
acid and its salts had the internal o-diazo-oxide structuie (I) 


S 03 H(Na} 

I -Yellow Il-^olourless III.-Yellow 

o-diazo-oxide. diazonium suphonate p-diazo-oxide. 

The ^^-diazosulphomc acid is m reality an internal diazonium 
sulphonate (II) When neutrabsed with alkabs or bases this substance 
gave yellow salts probably possessmg the jp-diazo-oxide configuration 
(III). Stable yellow salts were obtained with the bases piperidine, 
dihenzylamme, and brucine 

The nieta-diazosulphonic acid is also an* internal diazonium 
sulphonate (IV), 



OH 


■SO3 


|^\ 03 Na(B) 


"—No 


N2- 


Morgan and Upton, CUm Soc Tram, 1817, 111, 187j /, 1917, 449 
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OH 


-SO3 

IV 


HO 


/SO3H 

>X.N<^OH 
SOsH OH 


V 


but this coijipound shows no disposition to yield an internal metal 
diazo-oxide, and when treated with alkalis or bases, especially ammonia- 
it loses half its diazo-nitrogen and passes into a jellow azo-dye (V) 
Other investigators have also attempted without succes-s to obtain 
the internal »i#diazo-oxides The non-existence of these meta- 
compounds suggests an alternative qumonoid constitution for the 
0 - and p-diazo-oxides (VI and VII) 


0 0 



N N 

VI. VII. 


Chomic Salts ofMojclani Dyes 

An ingenious process of producing the soluble chromium salts of 
acidic dyes is achieved by producing a soluble solution of a chromic 
compound and then treating this substance with * moKiant-foiming 
dye. Sodium chromate is heated with glucose solution at 80°-90® C. 
until the chromium is reduced to the tervalent condition The alkaline 
solution IS neutralised with acetic acid, and treated with alizarin blue 
paste or other smnlai mordant dye The resulting soluble chromic 
salt is utilisable directly m the dye bath , its co-ordinated character is 
manifested by its resistance to the action of aqueous alkalis. 

Vat Dyes. 

Considerable activity is still being mamfested in researches on the 
vat dyes These investigations deal either with the improvement of 
known dyes, or the discovery of new colouring matters amenable to 
the vat process 

106 iforgan and Tomlins, Chem Soc. Trans ^ I9l7, 111, 497 , J , 1917, 866 

107 Dreyfus and Beckers Aniline and Chemical Works, U S Pat, 1228089 , 
1917, 867. 
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hidigo 

f: 

The shortage in the supply of mdigo, which existed fioiii the out- 
break of war until the latter part of 1916, has stimulated ui a very 
marked degree the cultivation of the indigo plant In British India 
the total area under indigo in 1916-17 was 756,100 acres, being 114% 
in excess of the acreage of the preceding year The corresponding 
increase in the total yield of indigo was 73% In 1915,the amount 
of natural indigo imported into the United Kingdom was 25 157 cwts , 
whereas m 10 months of 1916 the import was 28,245 evts , the latter 
is practically equal to the largest annual amount of synthetic mdigo 
imported into the United Kingdom during the perwd 1911-15, the 
maximum being 28,302 cwts foi the year 1912 This increase in the 
cultivation of the indigo plant is being accompanied by a systematic 
and scientific inquiry into the agrioultuial conditions affecting the 
growth of the plant, and the formation of indican. Not less important 
in the production of natural indigo is the part played by the bacteiia 
in the steepmg vats Numerous species of bacteria have been isolated 
and ceitain of these species have been classified as ^beneficial or 
harmful This investigation raises the hope that an impioi cment m 
the formation of natural indigo may be bi ought about by controlling 
the bacterial feimentation in the vat 
These important additions to tlie supply of natiiial indigo, coupled 
with the extremely favourable output of synthetic indigo LL from 
the Ellesmere Port works, should serve to make the Biitisli Empire 
self-contamed as re.gards this important vat dye 
The conditions favouring the formation of indigo fiom mdican- 
containing varieties of indigo jilants cultivated m Eormosa have been 
studied. The optimum temperature for the hydrolys’s of mdican is 
50“ C , no ind’igo being produced at 80“ C. At 69°-70“ the indigo 
red content is greater than when steeping is earned out at 40®-50° C 
The foregoinjf activities serve to indicate that the struggle between 
natural and s} nthetic indigo has not ended finally in favoiii of the 
latter. Impro 'dements in the cultivation and productaon of the former 
are evidently quite practicable On the other hand the possibility 
of improving on the existing synthetic processes is not excluded and 
several researches on these lines are now in progress 


A. and Q- L Howard, Bull Fo 67, Affna Bes Inst lusa, J, 1917, 130} 
D. T. Held, Agnc J India, 1917, IS, 1 , J , 1917, 333 
c/. Cone, XJ S Pat 1211413 ; J, 1917, 211 
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hidmithaie Vat Byes 

The cliformatioii of mdantlirene Mue greatly inci eases the fastness 
of th]s dihydroazme derivative to light and to the action of hypo- 
chlorite Brighter shades of blue are also obtainable by this sub- 
stitution 

The tri- and tetra-chloro-derivatives prepared by the action of chlorine 
in excess at tempeiatiiies not greatly exceeding 40° C on mdantiuene 
suspended in Ojji inert organic liquid are cliaiacteiised'by the foregoma 
pioperties ““ • 

The dicliloromdanthrene lesiilting from the aclion of sulphui 
chloride on indajithrene suspended in an inert liquid at a tempeiature 
below 100*^ C IS faster to light than the brand known as indanthrene 
blue GCD (dichloiomdanthrene), and nearly as fast as indanthrene 
blue GG (dibromomdanthrene) The new product is also suitable 
for the manufacture of light blue pigments 

Leuco-iiidanthrene piecipitated by acidifnng an indanthrene vat 
IS oxidised, yielding indanthrene blue in a \eiy finely divided form^ 
suitable for the manufacture of pigments 

Sul]jluir dj’es of the vat senes are produced by heating anthraquinone 
or authranol with alkali thiosulphates The products are insoluble 
m water, or aqueous alkalis or alkali sulphide When reduced in an 
alkaline vat these thionated pioducts yield soluble leueo -derivatives, 
dyeing cotton in olive to olive brown shades fast to chloiiiie 

Benzanthone 

* 

A new synthesis of benzanthrone derivatives has been accomplished, 
the starting point being l-phenvlnaphthaleue-2 3-dicarboxylic acid (T) 


iCOjH 


|^|CO.H 

\/ 

1. II. 

““ M , L and B , Ger Pat 29G841 , /, 1917, 591 

Chem Fabr Giieslieim-Elektron, Ger. Pat 296192, J ,1917,591 

112 M , L and B , Ger Pat 294830 , J , 1917, 78 * 

113 B, Wedekind and Oo , Ger Pat 297080, cf Ger Pat 296207, J, 1917,i639, 
and Eng Pat 19435/1913. 

ii'i Schaarschraidt, £er , 1917, 60 , 294 , J , 1917, 591 
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This acid yields benzanthronecarboxylic acid (II) on tieatment with 
concentrated sulphuric acid, or on warming its benzene sobftion with 
phosphorus pentachloride, the residue, after removing the solvent, 
being tieated with alummmm chloride 
Both these acids on condensation with benzene and alimiminm 
chloride give rise to benzoylbenzanthrone Moiiobiomophenyl- 
naphthalene-2 3-dicarboxylic acid condenses in a similar mannei to 
yield bromobenz«ylbenzanthrone In preparing 1-phenjj Irfaphthalene- 
2' 3-dicaiboxyliG acid by alkali fusion of allochrysc^cetonecarboxylic 
acid (III)* — 



III. 


it was found that a small amount of bluish violet vat dye was produced, 
which IS probably dibenzanthrone (IV). 



0 

IV 

An oxidation product of this complex dibenzanthrone (IV) is heated 
with yi-toluidme and bone acid. The product yields a blue hydro- 
sulphite vat, from which cotton is dyed in olive-green shades of great 
fastness to soap or cbloime.^^® 

The base is employed only as a condensing medium, but other organic 
liquids of hjgh boiling pomt may be used, such as nitrobenzene, naphtha- 
lene, or oresol 


iis IslerandB A S B.,US Pat 1207762, J, 1917, 131 , cf. U.S Pat. 1093427. 
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Benzo^mnone Val Goloms 

T}ie commeiGialiy important vat dyes having a qiiinonoid structnre 
have generally so far been derivatives of anthiaquinone. A significant 
extension of this group of dyes to derivatives of the simplest aromatic 
qumone, namely, y»-benzoqumone, has recently been made known 

The para-qumones, when heated in a suitable organic solvent with 
arylammoacetic acids, give rise to acylammo-denvatives of these 
quinones, whi^h have the property of reducing to soluble leuco-deiiva- 
tives m the hydrosulphite vat These leuco-eompounds have an 
affinity for the animal fibres 

The compound from phenylglycine and p-benzoqiimone 


CoH, N(CH3) G( }C X(CH,) CJh 


IS a brown crystallmo powder spaiinaly soluble m the volatile organic 
solvents, or in aqueous acids or alkalis In an alkaline hydrosulphite 
vat it gives a colourless leuco-derivative, which on oxidation yields 
yellow tints tin the animal fibres Dichloioquinone or chloraml can be 
utilised in the production of these vat dyes, the colourless leuco- 
deiivatives of which also give yellow tints on wool 
Similar products, suitable foi vat dyeing”’ are obtained b}' heating 
at 180°-200° with copper powder, or some other metal (e g , zinc-iron), 
the following acylammo-denvatives of halogenated benzoqumone •— 


CoH^NHC 


^ca CO. 
^CO CCF 


CNHCrH. 


Cl 


NHC^ 


CCl CO. 
CO CCk 



Sulphide Dyes 

An instructive summary of our present knowledge of sulphide dyes 
has been compiled by Eowe 

This group of dyes undoubtedly mcludes a section containing the 
thiazole nucleus present in primulm and dehydrothio-p-toluidine 
The yellow, orange, and brown dyes derived by the action of sulphur 


"s Homolka and M L und B , XJ S Pat 1209103 , /, 1917, 211 
1*7 Ealle und Co , TT S Pat 1209212 , J, 1917, 211 
"8 J Soc Byers and Colorists, 1917, 83, 9 , A 1917, 208 
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on C-alkylated diamines of the benzene and naphthalene senes probably 
belong to this group The nitroamino-denvatives corresponding 
with these diamines are also utilisable in this condensation, but the 
presence of alkyl groups in the aromatic nucleus is essential in both 
instances, these side chains furnishing the carbon atom of the heteio- 
oyclic thiazole ring Piovidmg that alkyl groups are present, the 
sulphonic or carboxylic acids of the benzene, diphenyl, oi naphthalene 
amines (e g , ethyl-a-naphthylaminesulphonic acidb) are abenable to 
the sulphur treatment ^ 

The drain on coal-tar products for high explosives has led to a search 
for intermediates m colour making from vegetable sources The 
gums or gum resms produced fiom plants of the genus XantJionJma, 
when treated with alkali and sulphur, or with sodium sulphide, yield 
sulphide colouring matters dyeing m various shades of bronze, brown- 
grey, or black. These investigations are comparable with those of 
Croissant and Bretonniere, who more than 40 years ago subjected a very 
large and heterogeneous group of organic waste products to the alkali 
sulphide fusion from which investigation, however, only one sulphur 
dye, namely, cacliou de laval, was ohtamed 
More definite products contaming nitrogen, as well as sulphur, are 
prepared by fusing with alkali sulphide, the nitro or nitroao deuvatives 
of yacca gum (from Xanthorrhm mhorea or X hastihs) or of Congo 
resm (from Hgmema verrucosa or Gopaifera eopalkna) Tlie azo- 
derivatives of yacca gum, prepared by coupling the gum with diazomum 
or bisdiazonmm salts in alkaline solution, can also be used in the 
sodium sulphide fusion 

The original Vidal sulphide black was obtained by the fusion with 
sodium polysulphide of p-nitrophenol or p-aminophenol. The discoverer 
now pioduces a sulphide black by heating p-aminophenol with sulphur 
and resorcinol or m-phenylenediamine m a leflux apparatus.^-® 

The residues from the manufacture of sulphide dyes contain sodium 
thiosulphate, which is decomposed either with warm sulphuric acid, 
or with an acid salt, especially sodium hydrogen sulphate. Sulphur is 
precipitated and recovered, and the filtrate contains crude sodium 
sulphate 

Ait -Ges f Anilmfabr, Ger Pat 295251 , J, 1917, 211 
P. Bayer und Co , Ger Pat 295104 , J , 19l7, 211 
Miller and Irlam, Eng Pat 194353; I9l7, 500 of Eng. Pat 1489 of 

1878 

G H Prani, Eng Pat 105118 and 105119, /, 1917, 542 
Tidal, Eng. Pat 105162, J, 1917, 542 
124 Ait -Ges f Anihnfabr , Ger Pat 295859 ; J , 1917, 647 
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This review is probably even less complete than its forerunner, 
because of the difficulty of obtaining mformation as to the trend of 
colour research in Geimany and Austria. The volume of in\ estigations 
published on dyes and their accessories in available European periodicals 
and patent literature is, however, remarkable, considering the dis- 
tractions of the war. A striking feature of the year has been the 
marked mcrease in the patentmg activities of American dye producers. 
It is evident iliat these manufactuiers recogmse fuliy the importance 
of research in tltis branch of applied chemistry. 
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|f 

ByJ F. Bkiggs, ACG-I 

Chemist^ B) itish Cellulose and Chemical Mamfacturmg Go , Ltd 

The period under review may be regarded m this, as in all other 
mdustiies, as one ot transition, characterised by two goveniiiig 
influences . Adaptation to the temporary stringency ot war conditions 
and preparation for developments and roplacemcnts alter the war 
The ivithdrawal of labour and the strict Government control ot all 
sources ot supply have been disturbing infliienLus, hainig both 
temporary and permanent results difficult to estimate ^As regards 
industrial research and invention the conditions have been both 
stimulative and retarding The scarcity of published lescaich work 
of tundanieiital interest is rather noticeable, nevertheless a very 
considerable activity has been maniiested iii the cellulose industries, 
particularly in the se:irch for substitutes for materials and products of 
foreign origin 


'' Fibres. 

Cotton—^ H Barnes^ has made a close study ot the mineral con* 
stituents of cotton lint with special refeience to the alleged sophistication 
of certain Indian cottons by hygroscopic salts with a view to increasing 
weight Ho concludes that such general allegations are without 
foundation, but points out that cotton cellulose and pectins combine 
with some of the constituents of saline soils, either by adsorption or 
chemically, in the course of growth Further, genuine cotton fibre may 
contain upwards of 1% of ash constituents, and the presence of highly 
varying quantities of silica seems to have escaped attention hitherto 
K H VakiP has published an important paper on cotton-seed 
products, dealing particularly with Indian cotton. According to 
.statistics quoted, the recent annual production of cotton in India 
amounts ter 800,000 tons, which is equivalent to nearly 1,870,000 tons 
of seeds. The Indian seed differs from the Egyptian in being covered 


1 J, 1916, 1191, 


’ /,1917, 685. 
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With a fine down or “ fluff ” u hich is removable by suitable ‘ delinting ” 
machinery, yielding 1 0-1 5 of Imt. Cotton-seed dehiiter fibre is 
therefore likely to become a valuable by-product of the oil -seed crushing 
industry available in fairly substantial (juantities as raw material for 
the paper and cellulose-plastic industries At present, the seed b 
usually crushed with the “ fluff, ’’ but as the latter readily absorbs the 
oil and causes heating of the mass by fermentation, it's removal at an 
early stage’would improve the storage qualities ot theseed and increase 
the yield of oil » 

One of the most troublesome impurities of cotton and linen ^ibrt^ 
is the highly resistant vegetable protein. Many of the irregularities 
ill chemical behaviour, generally attributed to the fat and wax, are 
often more properly to be sought for mthe impeifect reniovai of the 
original pioteins. traces of which can he detected by the ‘ chloioamine ' 
reactiou even alter several treatments v ith Ijoilmg alkab B S Lei me 
blames these impurities for the subsequent yelloviiiigofbleaclicfl cotton 
textiles and proposes to remove them by digestion vith mlture^ oi 
suitable bacteria 0 Rohm^ similarly proposes to treat the raw goods 
with a 0 !/• solution of pancreatm or other proteolytic and lipolytic 
enzymes and claims to dispense with the usual boiling-out treatment 
V ith alkali 

Freihergei^ discusses the determination of so-called vood-giim," 
which IS not a very aptly chosen expression tor the complex mixture 
of matters extracted from raw or imperfectly Itleaciiefl cotton hi 
treatment vuth 5% sodium hydroxide m the cold for 24 hoiU's. This 
complex extract may he separated into three fractions by the successive 
addition of alcohol, neutralisation by hydrochloric acid, and acidification 
with hydrochloric acid The main constituents of these three fractions are 
respectively -alkali-soluble “ cellulose, ” xylan or wood gum profier, 
and fatty acids, but the separations camiot be regarded as m any wa} 
sharp and the procedure is extremely tedious. 

After cold extraction the cotton is boiled with 1% hUilium hydroxide 
lor 5 hours with exclusion of air and the addition of a little resin and 
dextrose, under which conditions the loss of weight or the celluluse 
proper does not exceed 1% The above method may be useful v hen 
it is desired to differentiate between superficially bleached, imperlcitly 
purified cotton and cotton which has been chemically modified liy 
excessive bleaching 

The question of the nature of hydrated cellulose is one of extixine 


3 J Ind Eng Chem., 1916, 8, 398, 1916, 6.^C, 

4 En^ Pat 100,224/1916, J, 1916, 1057 

’ Z and. Chem , 1917, 56, 299 , J , 1917, 923. 
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interest as an example of the intimate relations between th% chemical 
and physical modifications of the colloidal condition. The hydration of 
cotton cellulose may be produced by many chemical agencies and even by 
mechanical treatment in presence of water, and may be described as a 
condition of intei -molecular distension, whereby the surface reactions 
are largely increased and the “adsorption” phenomena correspondingly 
developed. R Haller® has made some important observations on 
the ultramieroscopic structural differences between .ordinary and 
mercerised cotton and has established the fact that ifi the latter the 
micellse are more widely separated than in the original membrane and 
therefore penetrable by particles of larger dimensions ^ 

A Committee has been formed in Manchester to act in conjunction 
with the Department of Scientific and Industrial Research, to deteimme 
the best means for encouraging research and technical education in the 
cotton industry ^ 

Flar,, Hemji, and Me —There are few additions to the liteiature 
relating to the standard bast fibres S H Higgins, following up his 
previous stud} of the chemistiy of flax wax®, in which it was shown 
that the wax of linen fabiics could not be advantageously ktached by 
boiling with soda alone, has regarded the presence of this wax as the 
chief laison d’Uu of the tedious prehmniary lime boil and “ black sour ” 
and claims'’ that this treatment, with its attendant danger of lime 
stains, may be avoided by a preliminary extraction of the goods wnth 
volatile solvents, after which the soda boil may be apphed direct. 
The flax wax thus obtained is a complex mixture from which the true 
hard wax may be se^iarated by suitable purification. In times like the 
present the wax by-product possesses a very considerable commercial 
value, but it remains to be seen whether the treatment proposed is 
technically and economically justified. 

A new process of retting bast fibres by pure cultures of bacteria, as 
apphed to hemp, is described by G Rossi This process, in which 
specific pectic bacteria, such as B. comem, are employed, may mark the 
beginning of a new era in the industrial preparation of bast fibres and 
is worthy of the most serious attention It is stated that the action of 
these bacteria is perfectly specific and a complete resolution of the 
pectic binding materials is brought about without the slightest deleterious 
action on the cellulose Hemp bast tissue is rapidly resolved into its 
constituent elements and may be kept for years m contact with the 

« lolloid Zetts,m1,20, 127, 1917, 923 

^ J, 1917, 440. 8 1914^ 902 

? Eng Pat 102,892/1916, 1917,211. 

Ml Agnc Intel!, 1916, 8, 1067, J, 1917, 79. 
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living bact^ia under aseptic condition- without appreciable weakening 
ot the fibre structure The process has the advantage of being an 
aerobic one and the deleterious orgam-ms are -suppiessed by aeration 
A factory is working in France with the mo-t encouraging re-sults and 
the quality of the fibre is stated to be -uperior to that produced by the 
older methods of field-retting The hempb preferably scutchefl in the 
green state and the dried material may be stored The fibre retted after 
scutching is smofither, more glossy, and Ics- divided than ordinary 
hemp, but a sligbf brushing process snffi<‘es to impart the necessary 
degree of fineness. 

In the case of flax plants grown for seed, J Brolm’‘ proposes to cut 
the heads at matimity and leave the stalks standing until a natural 
retting process has taken place under the action of the weather 

Mt^cellaMOiib ffiihk Jihiii — Oiiing to the ‘f'airity of rav materials 
created by the war, incrca-ed attention has been (lirectcd towards the 
utilisation of substitutus for standard fibres, but in thm country no very 
striking results have been reached owing to the fact that in so far as 
such substitutes aie of overseas oiigm they are just as difficult to 
obtain as the oldginal article. In Germany, on the other hand, new 
supplies of cotton and jute have been cut off as far as possible and it 
has been necessary to make use of the European hbres such as flax and 
hemp supplemented by such substitutes a-, can be produced in the 
country. In a review of the textile substitutes vhich have been 
employed in 1916, Massot^- refers to papei yarn-, i\bich have undergone 
an enormous development, and to the attempted resuscitation of the 
nettle fibre industry The nettle yields lOy of fibre Calculated on the 
green stem, and an oiganisation consisting of over 12,000 persons was 
engaged in collecting the stems In the year 1916, 1,550 tons of dry 
stems was thus obtained for fibre manufacture. The stems undergo a 
chemical retting process in which the protein is not coagulated and 
are broken in the same manner as flax stems In a recent Bulletin of 
the Imperial Institute^^ a sample of nettle fibre from India has been 
reported on. The fibre was not well prepared, having only been 
treated by mechanical means The degiimmed fibre might be of interest 
for mixing with jute and hemp hut cannot be regarded as a satisfactory 
substitute fur flax or ramie from the point of view of strength and 
spinning qualities 

Among the minor developments m connection with new textile fibres 
may be mentioned patents relating to the tieatment of papyrus 

US.Pafc 1209546, J, 1917,212. 
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osier and the bioom plant As a substitute for jute, Hibiscus 
rannahnis and allied plants of the order Malvaceie yield fibres of yery 
similar appearance and properties. Several samples of such fibres 
have been examined at the Imperial Institute^^ and found worthy of 
attention but inferior to jute of the first quality According to 
Vournasos^” Hibiscus &oie yields after bleaching a cellulose of fine staple 
superior m absorbent power to ordinary cotton 

In the same Bulletin of the Imperial Institute a -fiumlier of other 
fibres produced in the British Empire are descril>ed Among these 
may be noted a fibre obtained from Asdepm fniheosa, widely 
distributed in South Africa and known locally as MellhoscJi This 
fibre is exceptionally iicli in cellulose and has been suggested as a 
substitute for Sisal hemp, but it is very much inferior in length of 
staple The same plant also yields a vegetable donn of the kapok 
class, known as Jliiiifl, which is brittle and considerably inferior to 
genuine kapok in resilience. 

Kajioh —Owing to the ivar, kapok has acquired a vastly increased 
interest as a stuffing for life-saving appliances at sea, and samples have 
been submitted to the Imperial Institute from the Sudan and from 
Togoland, iii which latter colony the Germans had developed a 
substantial industry C F Cross and E J Bevan^^ have contributed 
.a very important study on kapok, dealing vith its specific character- 
istics and commercial valuation The value of the genuine kapok 
depends on its capacity of resisting the penetration of water over very 
prolonged periods of immersion This property is not due to the 
presence of specffic water-repellent constituents, since the total fat, wax, 
and resm contents are betiveen the limits of 0 5-18/^ The resistance 
to water is attributable to the pecuhar structure of the fibre in the 
form of a thm-walled, resilient tube enclosing a relatively very large 
volume of air When the down is immersed in a hydrocaibon liquid 
the tubular air is not expelled and the apparent specific gravity under 
these conditions is an important measure of quality, ranging from 
0 407 for the best to 0 686 for the lower grades The cell-wall is to 
some extent lignified, but only the inferior qualities show a strong 
reaction with phloroglucmol; relatively large proportions of “fur- 
furoids ” or pentosans are present, particularly in the lower grades. In 
this investigation the chemical type of the cell substance has not been 
fully elucidated and the properties of the down, particularly its 
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remarkably reiiilience, are not completely explained oii the ba^^h of 
physical structure alone The degree of cutioulariftatirm or of 
ligmfication is probably of importauce at least equal to that of the 
tubular thin-^valled structure 

Mamie fine is the subject of a report by D C AVinterbottoin to the 
South Australian Depaitment of Chemistry This fibre, ^^hllll i^ 
the resistant leaf-sheath of Posylonw aihtiah, is found beneath a bed 
of the living ^lant in the shallow waters of Spencei’s Gulf Both 
chemically and technically, it stands m a category by itself , it i' 
harvested by dredgers, collected by means of pos\eiful pumps, and 
subjected to a disintegrating and washing process either on the diedgei 
or at special factories on shore Three eumpanie^ hu\e been concerned 
in its development which, however, has not yet reached a commercial 
stage The cleaned fibre is coaise and laittle, fontaining a large 
amount of mineral matter It ranges tiom 2 to S inches in length 
but its textile possibilities are somcuhat limited, though it might be 
mixed with jute or 1100 ! It gives excellent results an insulating 
material but its value for this purpose does not cover the cost of 
collection and purification Chemically, the marine fibre is a highly 
pronounced lignocellulose, extremely resistant to ehemical'processes of 
hydrolysis As the result of its occurrence iii an aqueous medium, all 
the softer tissues of the plant subject to hydrolytic and bacterial 
influences have already been eliminated and the residual fibre is 
characteiised by exceptional rot-resisting properties. For the same 
reason it does not yield readily to the oidmary paper-making processes 
and It IS not considered a suitable raw material '*for that purpose, 
although it yields 63% of cellulose on chlorination 

Animal Fihveet, 

Wool—Pi Seel and A Sander-*^ describe the modifications of the 
microscopic structure of the iiool fibre under the action of alkalis, as 
shown after treatment -nith a 1% solution of caustic soda for 15 
minutes at temperatures from 40’ to SO’C Different varieties of 
wool diff'er in their degree of resistance The mitial indications of 
attack take the form of longitudinal stnations due to the wrinkling 
of the epithelial scales, so that the surface of the fibre assumes 
somewhat the appearance of a inthered apple The degree of action 
ranges from a simple swelhng of the scales to the formation of 
pronounced furrows At 70‘'-80'C. the epidermal layer is disintegrated 
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and the cuticle is ultimately completely detached from the tike Wool 
may be boiled with 1 % sulphuric acid for an hour without structural 
modification, but if it has been preYiously affected by the action of 
alkalis it becomes extremely susceptible to attack by hot dilute acid 
and the striations thus produced are distinctly different from the 
wrinkling caused by alkali alone The bearing of these observations 
on the operations of scouring, alkaline vat dyeing, and^aeid dyeing 
of wool is obvious and the use of strongly alkaline •scouring baths 
may produce far-reaching effects ^ 

K von Allworden-i has also studied the modification of wool by 
alkalis He claims to have separated from the alkaline extract a 
carbohydrate substance, yielding an osazone similar to galactosazone, to 
which he gives the name of elastiium The deterioration of the wool 
by the action of alkalis is attributed to the removal of the elasticum. 
The presence or absence of elasticum may be detected microchemically 
by treating the fibre with half-saturated chlorine water, If the 
elasticum be present under normal conchtions, characteristic globular 
exciescences are produced corresponding to the successive rows of 
scales, whereas in the case of damaged wool deficient in elasticum the 
swellings are either partially or wholly absent and in their place shreds 
of partially loosened scales are observed, Allworden believed his test 
to be definitely characteristic, depending on the presence or absence of 
the alkali-soluble elasticum, with which the physical resistance of the 
wool is supposed to be intimately and directly connected K. 
Haumann,-- however, has taken up the cj[uestion and found that the 
elasticum reaction with chlorine water vanes in degree with different 
types of wool and m different parts of the same fibre The character- 
istic swellings are most regularly continuous in the middle portion of 
the fibre and diminish towards both ends Certain samples of iambs" 
wool and coarse Austialian cross-bred wool showed only a few 
irregularly distributed sw ellings The reaction is much sharper if the 
wool be previously exti acted with benzene It is still too soon to 
pronounce a definite opinion on the diagnostic importance of the 
elasticum reaction or to admit its direct connection with the presence 
of a substance on which the elasticity of the fibre depends, but it is 
certain that no practical conclusions can be drawn from it unless the 
examination is extended over the entire length of the fibre 
0, Sauer-® describes a method for detecting deterioration of wool by 
atmospheric influences, such as sunlight, consisting in determining the 
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percentage of the total nitrogen which is holuhle in a dilute alkaline 
solution Oi hydrogen peroxide. The optical retraction of wool and 
hair fibres has been determined by A Herzog-’’ for comparhon \uth 
that of vegetable and aitihciai fibies, but the re^ult^ have little 
diagnostic significance 

E Y Chambers--* describes the recent piugre^:'' made in the recovery 
of grease and potash from wool-sc curing liquors The eip ichmeiit in 
potash salts by repeated use of the cleansed scouring^ liquor, until it 
will repay the ?ost of evaporation and incineration is best effected by 
treatment in a centiitugal separator in which the grease is skimmed otf 
continuously from the layer nearest the centie Tlii« i^ a eery 
satisfactory process and should shov a profitable return Y'lnter] lottoiii-*^ 
has published a report on the sources or pota4 in South Aii»tialia, in 
which a proposal is made for the recovery of lanolin hy a simple process 
suitalile to the somewhat primitive conditions iiiider which vool- 
scoiiring IS carried out in that colony, where so<lium carbonate i-j 
employed without soap It is pointed out that from the AluO ton® ui 
wool scoured annually in South Australia, 50 tons of lanolin might be 
recovered by .pmple hand-skimming and refined Ijv melting with wood- 
charcoal at a cost not exceeding £15 per ton 

S^Il , — In a paper published by L Pigorim-’ it is shown that the 
application of a dilute solution of ammoacetic acid to the leases upon 
which silkworms weie fed resulted in an increase in the weight and 
length of workable silk 

The weighting of silk may be regarded as a series of inorganie 
chemical reactions complicated and modified through being earned 
out m presence of a medium vhieh is active m'lioth a colloidal 
(electrical) and chemical sense. P Heernunn-^ discusses the various 
theories concerning the mechanism of this reaction and pronounces in 
favour of an electrical “ lonetie ” theory as the most rational explana- 
tion of the phenomena The attraction of the silk for the dissociated 
stannic chloride depends on its electrical charge, and the amount of 
weighting increases with the degree of dissociation of the stannic 
chloride bath 

The tendering of weighted silk goods may be due to the develop- 
ment of acid or to oxidation, possibly under the influence of chloiine 
liberated from the absorbed basic stannic chloride Splashes of 
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sodium chlonde are also exceptionally injurious, and the deterioratiou* 
IS strongly increased by exposure to hght. Protective action against 
acids IS obtained by treatment with salts of weak organic acids and 
against oxidation by the presence of substances more readily oxidis- 
able than the silk fibroin K Homolka^^ recommends ammonium 
formate as both a neutralising and reducing agent ^ ammonium thio- 
cyanate IS recognized as having a markedly beneficial action, hy- 
droxylamine salts are also protective. Schadd und Kortelirxg®^ point out 
the beneficial protective influence of oxidisable organic 'substances con- 
taining nitrogen or sulphur, or both, and specificahy recommend hip- 
punc acid applied in the form of its sodium salt. Formaldehyde is 
also useful.2i '' 

For the recovery of tin salts from waste silk rags a solution of acid 
ammonium oxalate has been proposed the rags are steeped in the 
hot solution until the metallic compound is extracted , the metal salt is 
decomposed and precipitated hy ammonia in excess, and when the 
filtered liquid is distilled, the excess of free ammonia and part of the 
combined ammonia are recovered, leaving a solution of acid ammomum 
oxalate in the residue ready for re-use r 

Cellulose 

The photochemical oxidation of cellulose, resulting in its ultimate 
discoloration and destruction under the atmospheric influence of light, 
air, and moisture alone, has been recognised from the earliest times 
and the controlled action of these influences, through the supposed 
intervention of ozone or hydrogen peroxide, has been the foundation of 
the ancient grass bleaching process. An investigation of this action 
has been carried out by 0 Dor^e and J. W. Dyer,®^ who have used a 
Cooper-Hewitt mercury vapour lamp as the soiuce of photochemical 
energy Discoloration and ultimate dismtegiation were confined 
solely to the portions of the surface exposed to the light, and the 
properties of the product corresponded in all respects to those of oxy- 
ceMose produced by chemical oxidising agents 

The reaction between cotton cellulose and sodium hydroxide has 
been the subject of divergent views for many years, the balance of 
recent evidence being against the formation of definite soda-cellulose 
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compounds, and m favour of tlie adsorption theory, A Leighton®^ 
has revieu^bd and criticised previous work, showing that the earlier 
experimental methods have failed to allow for the adsorption of water 
as well as of sodium hydroxide from the solution A method has been 
adopted whereby all the adherent solution is removed from the cellu- 
lose by centrifuging at a high speed and the residual alkali determined 
gravimetncally These results, combined with the data obtained from 
the alieratiojj of the concentiation of the removed solution, gave a 
series ot values* for the respective adsorption of wafer and sodium 
hydroxide which,* plotted graphically, have the form of a smooth 
adsorption curve with no evidence of the formation of a chemical 
compound of the ^latiire of alkali-cellulose at any stage of concentration. 

The same author'^ has performed a similar senes of expeiiments by 
the centrifugal method on the adsorption of a<pieous acids by eellu- 
lose Here, also, no chemical combination take'' place at ordinary 
temperatures Cellulose adsorbs sulphuric acid moie than phosphoric 
acid and the latter more than hydrochloric acid Selective adsorption 
is only pronounced at high concentiations of the acids and does not 
occur at all with phosphoric acid, it is stronger with liydrochloiic 
than with sulphiiiic acid When cotton is treated with small quan- 
tities of sulphuric acid, fig, 0 01— 0 02*^, and dried at a loiv tempera- 
ture, Its strength is not decreased but is even increased Such 
acidihed cellulose is more suitable for making cellulose dernatives, e c/, 
viscose or cellulose acetate, than ordinary cellulose, giving =!olutions of 
good viscosity and improved solubility and threads of satisfacioiy 
strength It is stated that the ta’vouiable effect of such traces of 
sulphuiic acid in the fibre is noted in the process of acetylation and a 
better effect is thus produced than when the acid is added to the 
aeetylating mixture 

Fort and Pickles”' have made a very caiefiil investigation of the 
tendeiing of cotton yarn hy solutions of acids and salts at vaiious 
concentrations at lOO^C The results showed with remarkable 
regulaiity that the degiee of tendering is pioportional to the “ stiength 
of the acids as indicated by their lelative electrical conducts ities or 
the velocity ot inveision of cane hiigar In the case of salt solutions 
and mixtures of salts and acids, the laws of electrolytic dissociation 
were proved to govern the degree oi tendering with few^, if any, excep- 
tions This investigation is of the highest interest and suggestive 
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importance, not only because of the conclusions established, but also on 
account of the problems which arise from it What, for instance, is the 
difference m chemical terms between cellulose with high tensile strength 
and hydrocellulose with no strength at alP In the transition from 
one to the other the formation of soluble products is very small and 
the loss of strength is out of all proportion to the loss of weight, yet 
the infinite number of gradations between the two extremes, the 
result of hydrolytic action, can be measured by tensile strength tests 
almost as accurately as the inversion of cane sugar tan be followed 
with the polanmeter In the chemical groups affected resides the 
entire economic value of the cellulose, and a study of these relation- 
ships m their physical and chemical aspects would constitute an 
important piece of theoietical research 
Condensation products of cellulose with formaldehyde have long 
been known and have proved of great service in the artificial silk 
industry The formation of these products takes place as the result 
of a somew^hat complex and obscure series of reactions of mild dehy- 
dration According to a recent pateiit^s the fomialdehyde must first be 
convex ted into tiioxymetbylene. Cellulose is treated ^with formal- 
dehyde in presence of feme chloride or organic acids, with or without 
dehydrating agents such as alum or calcium chloride, it is then dried 
under high vacuum and trioxymethylene is thus produced , on stoving, 
the condensation product is formed. This inteiesting product was 
first discovered by Esehalier®^ , when hydrolysed by mineral acids the 
formaldehyde is again liberated. The treatment makes the cellulose 
more resistant to water and improves the “ wet strength of artificial silk- 
Cross and Bevali'^'^ have contnhuted further notes on the reactions 
of the hgnone complex m lignocelluloses They have studied the 
quantitative reaction with phloroglucinol and find that a considerable 
time IS required to obtain maximum combination Combination also 
takes place between hgnocellnlose and pyrogallol The formation of 
volatile acids by hydrolysis of the complex may be apprecialily 
increased by oxidation The ultimate products of hydrolytic oxidation 
are acetic, oxalic, and carbonic acids The authors propose a siruc- 
tural formula for the lignone complex, thus — 

/? ^ / \ /OHl a-cellulose 

HC/ YH'LOHs CO l-HO,/ \|CH-CH-CH CH( I 
HO CH,0 HCl 'OH OCH3 ^OH J ^-cellulose 

CBi CO 
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•^v’hicli IS m aecoi dance witli the main chapacterisiie reactionb such as 
the chlorination reaction, the formation of sulphonates with bisuiphites, 
the maximum pioduction of acetic acid by hydrolysis and oxidation 
The quantitative results obtained by chromic acid oxidation in presence 
of dilute hydrolysing acid suggest that a portion of the complex escapes 
resolution, and the hypothesis is put forward that this component has 
a pyrone configuration and contains the methoxyl re>:idue^ This 
hypothesis ?s supported by the observed productir^ of maltol by 
incipient roastmg The theoretical hpeeiilations vhich foim the 
substance of the latter part of this paper are extremely simgestive 
but require very considerable elucidation and co-ordination beloie thev 
can be formulate*! in any deci&ive manner. 

C‘lhduS5 Fii ]$. 

The manufactme of cellulu&e e'^teiN and pla'-tn.- h,!- been '•thuulatcd 
by war conditions, ]>ut the proccfe^es which uieimdergonigdcielopment 
are mainly ot pie- war oiigm, and theie aie teiv ad<litions oi piimarv 
importance ty the published literature 

XitioceUnh^fi — Though falling outside the peiiod covered b^ this 
reMeVj attention must be paid to an im estigation by C Cl Schwalbe 
and A SchnmpfE'^^ on the comparatne nitiation of cotton and vood 
celluloses, This is of iiiteiest as showing the trend ot German 
research in the domain of cellulose explosives and pkatics diuing the 
early stages of the war before the scarcity of cotton had become acute 
The investigations showed that wood cellulose was capable ot nitration, 
both for gun-cotton and celluloid, to gii e products satistymg all the 
specifications established for nitrated cotton, provided it were 
previously transformed into thin tissue paper of suitably open texture 
The form of wood cellulose employed by Schwalbe vas soda wood pulp, 
which is free from the objectionable resinous impurities present in 
sulphite wood pulp, but there is reason to believe that later practice m 
Germany has adopted the more normal sulphite wood pulp after 
submitting it to a special de-resmifymg treatment by extraction v ith 
dilute alkali 

Nishida*^^ has investigated under comparative conditions the relative 
■suitability of various forms of cotton cellulose, wood, bamboo, and straw 
celluloses as raw materials for the manufacture of celluloid Blaterials 
other than loose cotton and cotton yarn are best employed m the form 
of tissue paper With an acid of given composition it is necessary to 


angew Chem , 1914 , 07 , 662 , 1915, 152 

J. Ind Fng CJiem , 1916 , 8, 1096 ; /, 1917 , 27 



138 


EEPOETS OF THE PBOGEBSS OF APPLIED CHEMISTRY. 


keep the product of the temperatme and the time of nitration at a 
constant value, varying with different materials according tfi the ease 
of nitration , when using paper thicker than tissue paper a correction 
must be made according to thickness 
Celhilose acetate — J Boaseken-^® and others have published an article 
on the mechanism of the acetylation of cellulose and starch The 
primary function of the catalyst is to act as a common solvent of the 
carbohydrate and the acetic anhydride and the rate of aoetylation is 
limited by the rate of diffusion of the acetylating mixture in the 
carbohydrate, which is much slower than the actual acetylation.. 
Hence the relative surface of colloidal carbohydrates is probably 
approximately measured by the velocity of acetylation.'^ 

In connection with the manufacture of cellulose acetates several new 
patents may be noted For instance, it has been proposed to introduce 
small proportions of nitrated groups into the cellulose during the stages 
preliminary to acetylation ^ A form of cellulose acetate soluble in 
tetrachloro ethane, giving an unusually viscous solution, is obtained 
vhen using siilphuryl chloride as the acetylating catalyst In one of 
the later patents of the Dieyfus seiics, m which sulphuric ^acid is the 
catalyst employed,-^ provision is made lor conducting the major part of the 
reaction below ordinary atmospheric temperature, only allowing it to 
rise to about 2.5“C towards the end In another, it is stated that,, 
whereas sodium bisulphate is in itself not an active acetylation catalyst, 
when used in conjunction with a little free sulphuric acid it shows a 
technical advantage Acetylation in presence of tnoxymothylene 
with a sulphuric acid catalyst is claimed by the Soe Prod Chim des 
Usines du Ehbne^ A form of cellulose acetate which retains the 
original structure of the fibre is made by treating cellulose m a prelim- 
inary bath consisting of a strong solution of zmo chloride m acetic 
acid containing a little water, and then acetylising with acetic anhydride 
in presence of benzene.^'-* 

Attempts have been made to prepare the lower acetates of cellulose 
without the use of acetic anhydride Products containing up to 30% 
of combined acetic acid have been obtained by a process in which large 
proportions of sulphuric acid are employed with acetic acid These 
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products, though soluble in eeitain special solvents, have probably little 
technical value, being derivatives of very profoundly modified cellulose. 

SolvenU and Plastic? 

The search through the by-ways of organic chemistry for plastifying 
agents (so-called camphor substituteb) for cellulose esters still continues 
on somewhat empirical lines, preference being given to liquids of high 
boiling point sjjaringly soluble in water. H Preyftft''*^ specifies the 
principles to be o^iserved m compounding mixtures of solvents, non- 
solvent diluents, and plastifpng agents, the proportions being varied 
according to the/ate of volatilisation and solvent power? A long list 
of organic compounds and types capable ot acting either as solvents or 
pkstitying agents with cellulose acetates i^ given. Tnarylphosphates 
are used to reduce inflammability and Inpiids ot very high boiling point, 
such as caretully purified benzyl alcohol and various esters of gl} cerrd, 
are used to impart flexibility. If aromatic halogen compounds are 
employed, the halogen should be in the nucleus, not in the side chain 

As special .solvents tor cellulose acetate the alkyl or alkyhdene ethers 
of glycerol cliiorohydrins, particularly methylene ehlorohydnn, have 
been proposed A combination of cellulose acetate with a fluent reaction 
product ot formaldehyde and phenol i& the subject of another 
specification 

W G Lindsay^^ has been particularly prolific m patented suggestions 
tor solvents and softening agents for cellulose acetate plastics Solvent 
mixtures include combinations of acetone, methyl acetate, methyl 
alcohol, trichloroethylene, cpichlorohydnu, and chlwotorm As a non- 
volatile softeningagent an arylsulphonamide, particularly ^//-ethyltoliicne- 
sulphonamide, specified, being employed in the proportion of 30-40% 
ot the cellulose acetate, in conjunction with triphenylpliosphate and 
volatile solvents Gelatinisation of cellulose acetate is induced at the 
ordinary tempeiature by a mixtuie of benzene and methyl alcohol 
containing a little water, softening agents are added and the mass is 
kneaded, heated, and pressed Tetrachloroethylacetanilide in presence 
of ethyl alcohol dissolves cellulose acetate v bile hot, but not m the 
cold 
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Dihydroxydiplienyldimetliylmethaiie ]s specified by Beatty^' and 
pbenyl salicylate by Mork and Esselen'^ as suitable comjfoneiits of 
plastic compositions 

Kif/ocelhdose Flushes —The use of phenyl benzoate or its homologues 
IS claimed in mabng plastic masses of pyroxylin basis In making 
plastic masses nith nitrocellulose, Lindsay*’’^ kneads moist pyroxylin 
with liquid tncresylphosphate which is insoluble m water and from 
the resulting mas^s the water maybe expelled by pressing « According 
to ifasland'"^ pyroxylin is combined with from 2 to 40% of aldol and 
10 to 60% of a vegetable oil, such as castor oil, the total amount of 
aldol and oil being 40-75% of the mixture 
Fiscose —A plastic mass may be prepared from peat, a portion of 
which has been gelatinised by the viscose process to make a binding 
material for the remainder 

Artificial Textilics 

A)tifidal Sill — L. P Wilson®® at the Annual Meeting of the Society 
gave a sketch of the origins and development of the artificial silk 
industry The relative and successive importance of #the mtiate, 
cuprammonium, and viscose processes is shown and the methods 
employed are briefly indicated Thisi^bm^ although containing no 
new information, is of considerable interest because all the essential 
factors are set out in their true perspective The progressive increase 
both in dry and wet strength of viscose silk in recent years is worthy 
of notice. The tensile strength has been raised from 1 1 grm per 
demei, dry, and 0 35, wet, in 1907, to 1 4, dry, and 0 55, wet, in 1913, 
and latterly to 1 75, dry, and 0 75, wet, iii 1917 A senes of photo- 
micrographs shows the variations of the contour of the cross-sections 
of artificial silks with differences in principle or detail of the mechanical 
conditions of spmning S J. Pentecost®-^ has contributed a note on the 
tensile strength of artificial silk used m the lace and hosiery industries 
and has confirmed the fact that the viscose product is superior to all 
the others both in the dry and wet state, whereas many specimens of 
the nitrate silk are practically worthless 
The relative and absolute concentrations of the sulphuric acid and 
sodium sulphate in the coagulating bath used in the viscose process 

US Pat 1188356, 7,1916,923 
US Pat- 1193198, 7,191R, 961 
US Pat 1161063, J, 1916, 40 
® U,S Pat 1233374, 7, 1917, 1004 
fii US Pat 1234921 , 7, 1917, 1044 
® US Pat 1213115 , 7, 1917, 334 
S3 7, 1917,817 « 7, 1916, 583 
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are mattei^ of some importance from the point of view of speed 
of production and quality of thread and ha^e been the subject of 
patents The Y ereinigte Glanzstoff Fabriken" ’ specify a bath containing 
160 gi-ms of real sulphuric acid and more than 240 grms {e y 320 grms ) 
of sodium sulphate per litre, suitable for use at 45 ''- 50 'C. Another 
patent by Yerhave^^' specifies a solution containing 7-1 1"( of sulphuric 
acid and tvo or more soluble sulphates, in such <|uantity that the 
liquid contains^at least 5 grm -mok of SO4" 10ns to ^ grm -mob' of 
H' 10ns , magnesium sulphate is employed 111 conjunction with sodium 
sulphate 

A solution of nitrocellulose which is stated to he pa.iticularly suitable 
for spinning in air, as the threads solidify almost mimedwtely, is 
prepared by adding to nitrocellulose solution anhyrlrous aluminium 
chloiide, sodium formate, aluminium phosphate, and aluminium 
nitrate and thinning vith watei, alcohol, or ether to the desired 
consistence 

ihiyc/ -yf? n —The shortage of textile hhres m (Tcimany has 
greatly stimulated the maniif act lire and use of paper-yarn textiles, 
which aie matle in two principal grade=3, ?/ , as a substitute for jute, for 
sacking and cable insulation pm poses, and as a substitute for cotton or 
wool for wearing apparel and general domestic iise^ For the latter 
purpose the manufacture of the liner grades of paper cloths has attained 
such perfection that this material is to be regarded as sometlimg more 
than a substitute and has established itself m the public taste on its own 
merits as a permanent mstitution Tesides the i ariations obtained by 
using different qualities of paper, a large variety of effects is pioduced 
by after-treatment of the yarns vith chemical preparations which 
increase the strength and resistance to moisture One of the most 
suitable treatments for saebng consists in sizing 111 a hath containing 
glue, tannin, and sodium silicate, afterwards fixnig m a solution of 
aluminium formate This produces an increase of 10% m the dry 
tensile strength and 30 % m wet strength Tannin and gelatin together 
gi\ e a hard, stringy feel, but tannin used alone increases the strength 
m the dry state and gives a soft pliable thread, while tannin fixed by 
basic aluminium acetate favours elasticity Soap fixed by aluminiiuii 
acetate acts as a softener and to a certain extent reduces the absorption 
of water but does not mcrease the strength 

&er Pat 287955, 174 

Eng Pdt 2485/1915, J',1916, 250 

Jr Pat 478461, J, 1916, 1152 
fis Massol, ^ angew Chem , 1917, 30 , 97, J, 1917, 543 
fis A Eertesz. Chem -Zeif , 1917, 41 , 43 , J , 1917, 287 , also L. CasseUaund Co , 
Chem -Zeit , 1917, 41, Eep 56 , 1917, 592 
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Paper Manufacture. f 

General, 

Certain reports on the derelopment of the paper-making industry in 
Tarious parts of the world are worthy of notice W. A. Hargreayes,'*^ 
reporting to the South Australian Government on the prospects of the 
establishment of the industry in that colony, comes to the conclusion 
that the only ii^mediately available practicable raw material is cereal 
straw, of which over 500,000 tons is available a^niiiially vithin a 
radius of jOO miles from the principal seaport, at which the straw 
could be delivered at a price not exceeding SOs per ton. Port Adelaide 
is favourably situated for the operation of a mill imfknig 5000-6000 
tons of fine printings and imtings per annum, also for the 
establishment of a straw-board mill. In a report to the U S Govern- 
ment,"^ statistics are given of the production and imports of wood 
pulp in Eussia. Considering the vast resources of the country, the 
figures 111 both cases are relatively small but show that there is a steady 
development of the wood pulp industry, while the production is many 
times larger than the imports, which come principally •^rom Finland 
and Germany. 

The wood pulp and newsprint industry of Canada is dealt with in a 
very interesting and important paper by 0. F Bryant.^^ This article 
contains a description of the modern methods of manufacture of wood 
pulp and newsprint paper and is well worth perusal in the original by 
anyone interested in the practice of this industry. The total 
production of pulp in Canada was 1,074,805 tons m 1915, of which 
743,796 tons was mechanical pulp. 

Fibres, 

The search for new fibres in view of a possible shortage in the world’s 
supplies of pulp wood continues vigorously. The war has stimulated 
this search in two ways ; 1. The enormous destruction and abnormal 
consumption of constructional materials during the war must have its 
effect on the supply of wood available for pulping purposes for many 
years afterwards % The consolidation and development of the 
British Empire as the result of the war is producing a movement which 
must favour the demand for pulp produced within the Empire rather 
than in neutral countries in the German zone. 

5. Ant. Dept. Chem, BaU No. 1, 1916 , 1917, 27. 

US Comm Repi, No. 277, 1915 , J, 1916, 108 

Rdp and Raper Mag. of Canada ; J. Roy. Soc. Arts, 1917, 65, 619, 631 , J 
1917, 1043 ; also Board of Trade J., Feb 17, 1916 ; J., 1916, 302. 
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The m|nufactuieof common wrapping ijaperfrom sugar cane bagaase 
is being carried on at Pre&ton, Cuba, the output being coiisiimed 
locally Bagasse, howevei', is not a material which is likely to find 
any really extensive application in the manufacture of white papers 
Zacaton (Mexican whisk) is a Central Aiuenean grass of which the 
roots are exploited lor brush manulactiire The grass letnuies 
somewhat severe conditions of chgestion and yields 46-30 T of a first- 
class fibre.* The supply is somewhat restricted biii sufficiently con- 
centrated to constitute a small practicable source of pulp material 
The Imperial Institute-'^ has received and ex^iminedisample? oi 
Tambookie grass and papyrus from South Ainca Both these me 
practicable raw materials for the manufactme of excellent paper pulp 
in the country of origin, hut owing to the relativeh low yields oi 
cellulose and other economic reabons the transport of these raw 
materials to this country would he iinpiofitable 
The question of the utilisation of cotton >talks has been dMUbNed 
by W B fSTanson Cotton stalks are available m America to the 
amount of 52 million tons annually, and Nanson proposes to make an 
overhead di|estion of the chopped stalks with caustic soda under high 
steam pressure This proposition has lieen put forward from time to 
time for many years but it is not technically a very attractive one 
The cotton stalk contains, besides the valuable bast fibres, a pre- 
ponderating proportion of very short wood fibres as well as a 
considerable contamination of dark coloured bark residues, anrl it ib 
doubtful whether the cost of treatment would be covered by the \alue 
of the product obtained ^ 

Some new fibre materials of interest have been tested at the 
Imperial Institute Ecdeiroka momkchfa is a rush-like plant found 
only in \Yest Australia It behaves very similarly to esparto grass 
but the pulp is liable to be dbiitaminated by specks of wax or resin 
which can only be eliminated by increasing the severity of the 
treatment Kevboidmia maci ocahjx is a tree growing in the East African 
Protectorate ; the wood is very suitable for the manufacture of soda 
pulp G E 3Yalsh'^^ has contributed an article on the vaste products 
of crop plants cultivated in the United States which might serve as a 
basis for pulp material The mateiial available in largest quantity is 
the residue of the maize crop, corn stalks may be separated by 

"3 J. My Soc Arts, 1915, 64, 132, 1916, 39 

Brand and Meiril, VS. JDe^i. Bull. Ko. 309, 1915, J, 1916, 417 
■3 MU. Imp Imt, 1916, 14, 163, J, 1916, 1008 
Paper Mahny, 1916, 85, 371 , J., 1917, 131 
? Pnll Imp, Inst , 1917, 16, 1 , 1917, 1004. 

Paper Mahny, 1917, 80, 283 , J, 1917, 1091. 
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stripping the outer part for paper-mabng, leaving the less fib:^ous inner 
portion for cattle fodder. Broom corn is superior to ordinary Indian 
corn as a pulp mateiial but the quantity available is not so large. 
Some notes by E S Pearson‘S on the development of Indian forest 
products show that renewed interest is being turned to the manu- 
facture of paper pulp from materials growing in the countiy and that 
some of the jungle grasses which cover large tracts of territory are 
destined to play ^ prominent pait in the paper mclustry hot only of 
India but of the world. Incidentally it is noted that the output of the 
Indian papgr mills before the war was about 25,000 tons and the 
imports m 1914-15 were 51,300 tons. 

Wood a?ul Wood Pulp 

Whatever may be effected in the utilisation of other fibres and 
vegetable wastes, wood must always remain the principal foundation of 
the paper industry Development is to be looked for in the systematic 
exploitation of untapped sources and especially in the utilisation of 
inferior species and by-products of (,the timber industry ^which have 
hithsrto been regarded as commercially unsuitable. 

An outline of the sulphite wood pulp process is given in a useful 
paper by A. Smith, which may be studied m conjunction with the 
aiticle by Bryant already meiitioned.^^ 

The closest attention deserves to '^^be paid to a publication by 
A W Schorger^^ on “ The Chemistry, of Wood ” This is the most 
important article on analytical methods which has appeared for a long- 
time and takes ranlf as a classical standard for laboratory work in this 
domain. The author recognises the fundamental factors which govern 
the results obtained, particularly the importance of the mechanical 
preparation of the sample and the fact^that no extraction treatment 
with hydrolytic agents is specific or final, but that digestion, even with 
water and still more with dilute alkali, is a chemical and not merely a 
solvent process. The details of the different determinations are too 
lengthy for quotation and must be obtained from the original article ^ 
it is obvious that with reactions of this character consistent results can 
only be achieved by rigid adherence to the conditions prescribed The 
definition of “ cellulose ” as the residue left [after alternate treatments 
with chlorine gas and sodium sulphite until the disappearance of the 
colour reaction is perfectly legitimate and disposes of the impression 
that cellulose of whatever origin is' necessarily one and the same 


^9 J., 191^, 631 so J, 1916,282. 
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definite cLemiuil entity with iinpmities ’ Thi'? re'idne ls a comple's: 
of ci5.s(jLiate<l groupfc varying with the origin hut capahle of cia^si- 
hcation acior ding to chemical tvpe«, w^hith in the ca^e of wood cellulose 
correspond with the iiatur<d difierentiation between conifers and broad- 
leaf tre^s The qiv'stioii of the jtropnety oi honing out the raw 
material with dilute caustic alhaii before chlunnation n not uehnitely 
bettled Such treatment apparently reduces the yield of cellulose by 
1-3 bat on the other hand its omission may very ppssihh leave in 
the residue pectic suhstaiites which teitaiiilv do not belong to the 
cellulose ctanplei, more or less, accoidmg to the chaiacter of the ’’aw* 
mateiial 

A study oi the chemical moclihcations taking place in derated wood 
has been made by li E Eose and M dV Lissc'- who hate analysed 
samples of Douglas fir at progressive stages oi decay The gieat 
increase in p:o^luc■ts soluble in caust’c alLali ta^res p.uce • aieHy at the 
expense of the cellulose , theieis abo a prugrcs'-ni dha Mpc. ivnce of 
the groups \ killing acetic acid and tuifuial while ttie methyiiunu/al 
and nietlioxyl groups are resistant 

The utilisation of the vast quantities of wood waste produoetl in the 
United States is the subject of a paper by A. U Little The w^isti 
from the longdeat yellow pine indiistiy alone is sufficient to pioduce 
40,000 tons of “ krait ’’ paper daily by the sulphate process besides 
3000 tons of rosin and 60u,000 gallons ox oil or turpentine by suitable 
extraction processes Particulars of a piocess loi extraction or 
re-'inous wood wastes by peti oleum spiiit are given by Palmer and 
Boehmei The stump wood is most highly resinous and therefoie 
most suitable for the recovery of turpentine, resin, and oils eithei by 
volatile solvents or destructive clistillatioii Extraction oi these 
products by dilute alkalis does not appeal yet to have given satisfactory 
results. 

From saw’dust or similar small waste, alcohol is produced by the 
Ew'en-Tomlinson process, the yield being 10 gallons of 95 y alcohol per 
cord of sawdust or hogged wood waste containing 30 of w atei 
Processes patented hy Xicolardot and by Gazagne and Demuth relate 
to the details of the sacchanfication of saw’dust for the production of 
alcohol.'''^ One of the major obstacles is the difficulty of obtaining 
anything approachmg complete saccharification of the cellulose This 
difficulty IS said to be surmounted by using only sufficient moisture to 

J bid Unff Chem , 1917, 9, >84,/, 1917, 477 
s-i 2Iet and Chem J£ng , 1916, 14 , 133 , J , 1916 301, 

J Ud Eng Chem , 1916, 8, 965 , 1916, 975 
Fr Pats 476,696 and 477,077, /, 1916,613 
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damp the mateiial and siippljing sufficient hydiocdiloiic .itid gas, 
preierably underpressure, to produce with the moistnicpu'seiit an acul 
of at least concentiation AVith 40 /o hj-'drochloncaoidd'Hiilose 
IS completely hydiolysed to dextrose^'’ 

JFood jm!/) WKsfe bpiDi ^ — The raiiuufactuie ot alcohol timu Mastc 
sulphite liipiois, without restiiolions, for use as motor s]niit, h.is lieeii 
recommended in Sweden provided the sulphite alcohol is denatuied 
with henzol®' A process for the piepaiation of easily lernientahle 
i{|Uor IS described by Tartai,'^^ consisting in recoierrtig llie siilplnu 
dioxide as far as possible by concentration in pieseiue of ,snl[)hurie 
acid and oxidising the lesidnal traces virh pcrniang.iiiate , a s[ienallr 
acclimatised yeast is then not icipmed Oman'''' points out th.it ii is 
practically impossible to neutralise .sulphite liquor \uth (-halk alone .uid 
recommends the caiefnl iieutialisatioii ot the lyo m the list pl.uc with 
chalk and subsequently to an .asccitainod optiimim limit (0()2-() 0.k\'' 
acidity) by the addition of the calculated amount ot milk ol lime 
A general account of the main piopos.tl3 for the utilisation ol uaste 
sulphite lyes is giren in a paper by r>cneiidge"" Among the lanoiis 
patents foi the utilisation ot these Ives recently jiuhlisliqjl, a pioposal 
by M Mullei’’^ may he noted ior ledueing the snlpluiric acid o{ intiv 
cake by ro.isting it with the waste lies and reenvenng the snlphiir 
dioxifle iTt'ocluced No piopositions ot realli outst.imliiig import.inee 
have hcoii put forvrard tor the etfeeine utilisation of the lii|Uors on the 
large scale m the recent p.iteiit liter, iture, Imt in.iny small up[)lications, 
erj, for binding .igimts toi lavioiis ])nrposes, have been .suggested 
In eoniieetion ivith soda ])ulp waste lyes a certain amount of iiidti.slri.il 
research has been*done on the lines of destnictiio distillatiun with 
recovery of methyl alcohol, ac.'tonc, light and heavy oils hollowing 
a patent taken by A II ’Wlnte,"'* a further deseiiptioii of the piocess 
is given in a paper by the same author " * This proce.ss is ot ' oiisidet able 
importance owing to the noiel arrangement of the retort, wlmnffiy the 
proce.ss is earned out in a semi-continuoub inaimea’ The lupior is 
caused to flow down mohned heated tulms m which the lapours are 
allowed to remain foi from 5 to laO seconds An mpicuii.s distillate 
amounting to 65 5^ of the hhick lupior treated is obtained, containing 
3 81^ of methyl alcohol and 0 56 of acetone by vol The \ olnniinous 

» Eng Pat 107,219/1916, J, 1917,973 
8' Boat'd of TtadeJ.Ury 27, 1916, J 1916, 192 
J Ind Eng Clmi , 1916, 8, 226 , / , 1916, 463 
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carbonaceous ash acts m some degiee as a catalyst, facilitating the 
splitting up of the volatile matters , the tar contains bOX of phenolic 
consiitiients The best icsults are produced at 28S“-316“C This 
process has so far only been ivoikcd in an cxpeiimental plant, but from 
the lesults published there is every reason to expect that it will foini 
the staitmg-pomt of an industrial recovery of valuable by-products, 
the principle of which will ultimately become standaid practice in all 
mills working the soda process 

In conneetioiL with the same subject, J G L.iwienco'''^ describes a 
process lor the dcsliuctne tlislillatioii of esp.uto black Ives The 
experiments here recorded are the outcome of t esearches comiiiiinicated 
by Itinman, who was the originator of the process. The concentrated 
black liquor is mixed with a calculated piopoition ot lime and the dried 
mixtnie is distilled on tiays in jjiosence of siipeiluMted steam 0\\ ing 
to the excess ot lime and the considerable percentage of sodium acetate 
111 the In juois, acetone and not methyl alcohol is the main constituent 
of the afpieoiis distillate and the process is designed in the main for the 
production of aielone The oily pi odiicts include a solid constiiueiit 
coirespondiug to a portion of the espa^’to vax removed by the digestion 
liquors, vliicli can be separated in a ntilisablo foim by tractional con- 
densation Comparing the two processes, "White’s and llinman’s, the 
prospects of economic success arc apparently in favour of the 
former process on account of the complication and expense invoh ed by 
the inlrodiiction of lime in the latter and the greater difhculty of lixi- 
viating the soda fiom the ash Special points, however, may cleteiiiime 
the ultimate result in a different wav, as for instance, the feasibility of 
meehaiucal lealisation, cost and life of plant, value of the respective 
products, etc , and much pioneer work remains to be done befoie either 
can be placed on a commercial footing as an adjunct to a wood or esparto 
pulp mill. 

The black lyes tiom esparto boiling contain, besides a small 
propoition of wax and about 5% of acetic acid m the foim of sodium 
acetate, a substantial amount ot a pentosan (xjdanl and, as the main 
constituent, the sodium salt of an acid derivative of the bgnm, haring 
many points of resemblance to Lange’s “lignic acid ” C. Budde°^ 
has studied the possible utilisation of these substances and has proposed 
a process whereby the concentrated liquor is mixed vith a definite 
quantity of sulphuric acid or nitre cake The earlier portion of the 
distillale contains acetic acid and furfural and the latter portion, after 
destructive distillation has set in, becomes alkaline, yielding tarry oils 

Met anti Chem , 1917,16, 416, J, li)l7,r)43 
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and ammonia Tlic soda may be recovered as sodium suljiliide <md may 
be worked up m the ioim oi a caustioised li(|uoi \W v. Irving the 
conditions and avoiding destructive distillation the aeclu .uid, “> k and 
tlic hirfiiral, 15°^, may 1>e recovered as betorc and tin' lignm .uid 
residue in the still, “ esparto resin, ” collected in the bum ol a Idnk 
sintered mass It has certain applications as a \aiindi oi dmllae 
substitute, and yellow to brown colouring matteis m.iv bt' prepared 
from it 

Among the many patents which have been publidieil m eonneftioii 
vitli the manufacture ot cellulose pulp from lilirous ran nnteiiak it is 
only possililo lieie to mention a few wliieli attract spec lal uttc'ntion on 
account ot some novel intciest One of these relat'"' to a process 
doused by dardnic and Nelson"" principally bn the manutaeture of 
pulp by the bisulphite punessfrom b.imbooand siimlai matt'iiuU ulin h 
are mixtures of bgnoeelhilose vitli siilhtantial cjuaiitiiies of pei locellii- 
losc While the “fi CO ” sulpb 111 oils acnl IS a spc'cibe ic'agi'iil towards 
the lignin, it IS niell'ectnc with regard to the peeliii, foivlhe ivmoval 
of which a basic* digestion li(|uor is lecjuiied The ('ombiiii d n'iu tioii 
is olitained by using a base yielding a soluble iioutrul sulpliitc', ,wn h a*^ 
alicpioi olitainedby the action ot sulphur dioude on a suspi'iidon of 
magnesium oxide m water. The liiglier the tempc'iatiuc' at which this 
liquoi IS prepared the higher IS the ])i open turn ot base to “free” acid 
dissolved From a hcpior prepared at KTC or liighei and containing 
0 8^ of “free” SOo the whole of the fiee acid is absorbed in the 
reaction w itli the Iigiim, leaving a basn iKpior winch hydiolyses the 
pectin A process fur the fractional digestion ot material under 
alternate acid and basic londitions is described hv C ll.irnist,''' in 
which a solution of ammonia is used in <on]iim<ion with sul])hur 
dioxide so that the inatcii.tl is gradually digested with pn'dinmnanee of 
one or the other alternately. The use of ammonia is likelv to [irove 
too costly on a mannfactuiiiig scale, liut the process lends il^elt readily 
to the recovery of the leagents and to the preparation ot liv'-jiroducts 
utilisahlc as fodder or fertiliser. The piinciple of fractional fligestiou 
has hcen very successfully applied to the soda process by W Itaitt 
The readily soluble pectie and gummy matters are extracted at a 
moderate temperature with a partially exhausted caustic ii{{uor and the 
more resistant hgmn is then attacked by a fresh strong caustic liquor 

Eng. Eat 2309/1915, 1916, 533. 
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by digesUon at a high tempeiature The removal of the gummy 
mattefia before a high digestion tempeiature is i cached has a remarkabic 
effect on the colour of the finished cellulose, and unbleached soda pulps 
produced in this ivay are almost as bright in colour as sulphite pulps 
S D. Wells'"' suggests that bufficieiit sodium hydroxide is adsorbed by 
wood claps from a 6% solution to peifoim the major pait of the 
reaction at that coiiceiiLration, and that copious dilution of the li(|uor 
by the condensed steam after the first stage is aebantageous, as it 
facilitates the migration of the excess of sodium hydroxide from the 
digested cellulose and so moderates its destiuctive action in the later 
stages A novel system of digestion is desciibcd by M A Adam^'^*^ m 
which the finely ground mateiial, e (j , mechanical wood pulp of long 
fibre, together with an acid digestion Inpiur, is passed continuously 
through digester at such a late that it is exposed to a tempeia- 
ture of ISO’C for 30-40 mins This process is only applicable 
to previously ground material iii winch the time consumed ni 
penetration is icduced to a miiiimiiin ^ it can also be applied to the 
hydrolysis of sawdust for the production of fermentable sugar 
% 

Blcadmuj, 

In pulp-pioducing countries the production of bleach liquor from 
chlorine made by electrolysis, with caustic soda as a by-product, is 
becoming standard practice This is particularly the case with the 
laige American wood pulp paper nulls Some notes aie published by 
J Yamasakd®'- on the working of the Billitei-Leykam eleciiolytie cell, 
which IS one of the most successful systems m G-eripany and Austria 
The caiistiQ liquor produced had a concentration of 3 5-4 S-W and the 
gas contained 95 % of chloiiiie With carbon anode and current 
density of 6-7 amps per sq dem , the E M F was 3 6 volts at 60°C 
and 4 2 volts at 45°C ^ the current efl&ciency was 92 % T H Fash^'^^^ 
has designed an interesting plant for the continuous bleaching of papei 
pulp by mixing it with bleach liquor and passmg it through a senes 
of intercommunicating containers fitted with paddles which transport 
the stuff gradually and unifoimly from one end to the other 

Sizing 

In the sizing of paper the mechanical emulsifying process enables 
many unsaponifiable substances to be used in combination with the 

9'’ J Ind Bng Chem , 1916, 8, 601 , J, 1916, 887. ^ 
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J Chem hid, Tolt^o, 191b, 19, 257 , J, 1916, 598. 

Eug Pat 100,993/1016, J, 1916,923 
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ordinary rosin size, mKiuIi otherwise could not he uniformly in^ui [loiatcd 
thcroAvitli Wlicthoi llic luajontv of these foieigu Mihstames Inue 
much leal sizing eftiuency uniy still ho somewhat douhthil, jiarluuLuly 
if their meltini; 01 biiitciing properties di Her maieiialli hoiii Lluwe of 
common rosin An emnlsifyiut> appaiatub is desaihed hv Kuitller 
and Oppeid"- in which heated si/o is forced under Iiie,h tnessiue 
beneath the sin lace of water and the piessuie and tempeialiiro 
are suddenlv Vmeicd Dc Cew specifies the enuiKifieatiou of 
15 of paiaffin wav with the resin size'"* j this is , stated to pioduee a 
kind of siihstiiute lor waved paper The adniivtuie of 1 nt a iiihher 
product with resin size is also claimed *"' 

Cotimaroue and iiuleiie, coiislitueiits of ceitain trai lions of toakar 
distillates, are resiintiocl hv treatment w itli siiljiliuiic acid , o-lu parts 
of sncli artilieial lesiiis ,ne melted with 1 part of ordman losiii and tlui 
mixture IS saponi heel loan emulsion suitahle foi sizin'* jiapei Dc 
Cow'"" picpaies an ammonium loMiiate si/e iii pteseiiee of an eveess of 
free ammonia hv foremy a told thnk size into an ammoni.uul sulutioii 
Gemmcll and fililn*'*"' lia\c also paten tt'd <i size made w ith ammonia or 
horax wdiich is intended to he decomposed with alum lief me lieing 
added to the stulf in the lieaLer Tlie coiiihinatioii of a lulloidal 
emulsion of golalm, alum, and ivsiii size tor use iiitiih-siziip^ is s^ieniicd 
hy Sindall and Urn on*"'' A iio\<‘l nh'a in connection with surfai'O- 
sizing of paper is put forwaid hy R Cl.uci'"''whopio(liieesh\ .ulilleuii 
means a layer of froth in the sizing and the lixitig hallis .ind passes the 
paper through the loam instead of through the Inpiid. The most 
economical and eifeciivc way of utilising starch m the manufacture of 
paper is to apply it to the surface of the w eh at some point m its jiassagc 
01 - ei the machine IT M Wheelw right' '"has devised a veiy satisfactoiy 
arrangement for applying a solution of sLaieli or “ fceiilose ” to the surface 
of the moist paper at the press-i oils. This an angement, w lueii is simple 
and docs not interfere with the rate of output of the paper, is likely to 
prove of considerable importance and utility iii gning sturch-hmsjies to 
pnntmgand writing papers w ith niObt eftieieut results, and it desen os the 
close attention of papermakurs 

U.S. Tjt. 1,215,034, /, 1917, 334. 

U S. Pat 1,174,697, J", 1916, 533 Eng Pat 13,588/1915 , /, 1916, 597 
E S Pat 1,204056, J , 1916, 1257. 

w Eng Pat 17,576/1915, J, 1916, 1215 E.8 Pat 1,194,866, J, 1916, 1009 
w® 0 S Pat 1,223,158, J, 1917, 593 
Eng Pat 104,012/1916, 7,1917,383 
Eng Pat 10,320/1915 , J, 1916, 887 
w® Eng Pat. 101,855/1915 , 7, 1916, 1215. 

US. Pat 1,195,888 , 7 1916, 1009. 
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, Beating 

A leally useful piece of technical roseauh has been carried by A E 
SiukIoiUiilV^i nlio has determined the effect of adding the colour, size, 
;md alum to the stuff iii the boaters in ■5ix different orders The addi- 
tion of these ingredients should not be made indisciimmately, as the 
Older of the additions has a niaikcd influeiiee on the economical fixation 
of the culouriiig matter. The best results aie obtained by adding to the 
pulp first the dyestuff solution, next the alum, and lastly the size, the 
quantity of alum being less for basic dyestuffs than iiith acid colours 
Too much alum in the toiiner case will even strip some of the colouring 
matter oft the fibre 

The question of the numerical determination of the degree of 
beating has always been awaiting a simple and accurate solution A 
perfectly satisfactoiy method has not yet been fuiiiid, even for 
comparatu'e detcimniatioiis A piopo-al has been made“- to measure 
the viscosit) of the pulp nioMiig lound the Iteatei tiougli Ijy 
suspending losistaiicc lods in the path of flov and allovitig the rods to 
rotate the suspension shaft against the spring of a dynamometer Tins 
method is so miicli influeiiced by secondaiy factors that it is not likely 
to prove accoptahlo in practice Another method, which is open to 
less objection, is based on the measurement of the late of (Iraiiiiiig of 
the vater fiom the pulp thiough a wire cloth Useful indications are 
obtained on this piinciple from an appaiatuu designeil Ijy M Eieglei 
and put on the market by L Schopper of Leipzig 

Pajia MufJniiet> 

A form of stiaiuer diffeiing completely fiom all previous types has 
been iiitiodiiocd by the Watford Engineering Woiks, Ltd,^^^ the 
stiainiiig suiface being an inclined plane formed by horizontal rollers 
revolving at iiici easing speeds as the pulp flows down the incline The 
narrow spaces between the rolls constitute the straining slits and the 
knots winch fail to pass through are thrown oft' by the last roller into 
a receptacle An appaiatus for automatically regulating the dilution 
of the pulp and its flow on to the machine has been patented by 
Tnmboy^^^ , its operation is based on the frictional losistance of the 
pulp. T 1) NutlalT^^ has proposed what appears to be a very 

111 Paper MaJcinff, 36, 1917, 145, J, 1915, 592 

112 S Webb. US Pat 1,201,402, J, 1916, 1215 
ii« US Pat 1,193,013, 7,1916,961 

in Eng Pat 4186/1915, 7, 1916, 418 
in Eng Pat 17814/1915 , 7, 1917, 288. 

118 Eng Pat 3386/1915 , 7,1916,303 
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advantageous selt-contaiued scheme for distiihntmg p^vci |,ind hteam 
to the heaters and paper machine, according to mIhcIi each gioii]) is 
treated as a complete unit with its sepaiate ste.ini eiigiiio irom which 
powei IS transmitted directly to the bcatcis and in the fonn of 
electricity to the paper machine units, while the exhaust steam 
discharges into a common main from w^hich the drung cUinders me 
fed An auxiliary air-blast arrangement for accelerating the diying on 
the cylinders i& described by A. H White^*" and an aiiaiigemeiit 
patented by Pope^^® provides for a veiy long exposure of the pa])ei 
after passing ovei each pair of cylinders, by mounting each of the 
uppei range of cylinders vertically above the cou'oponding cyliiuler of 
the lower range 

A rathei attractive proposal for supplying sti'am to tlic drying 
cylinders is made by W. A Aitken The cylinder^ are dn ided into 
twm or more groups, each with Rep<irate inlet and ilischarge mains 
The whole of the steam requned for drying is admitted to the hist 
group at the dry end of the machine and passes thioiigli each group in 
series to the tvet end, the discharge main of each group being 
connected with tbe inlet mam of the next, which is srtuated at a 
higher level so that drainage of condensed water can take ]jlaco A 
device for eontrolhng the supply of chymg steam hy the electrical 
conductivity of the moist paper has been patented by E l\ Butts 
The paper passes between a pair of rollers eoimeetcd wutli a source of 
electiieity and the current w^hicli passes through the paper operates 
the steam valve through an electio»magnet 

iraste Fapet 

Owing to the scaicity of raw materials, increased attention has been 
turned to the cleansing of printed waste paper Mild alkalis and 
soap are generally employed for this purpose, hut Id dim and Haas^-^ 
propose the use of proteolytic and lipolytic enzymes such as those 
obtained from the pancreatic gland of amnials or from the papaw fruit 
or castor beans. 

In a process patented by the Neo-Oelliilose Co the impurities 
loosened by soap are collected and separated by creating a foam which 

W US Pat 1,283,141, J, 1917,960 
US Pat 1,214,712, J, 1917, 334 
Eng. Pat 106,228/1916, J, 1917, 708 

IS* U.S Pat. 1,212,014, J, 1917, 212 

111 &er Pat 287,884, J, 1916, 357 

111 Eng Pat 105,056/1916 J, 1917, 868, and Eng Pat. 108,434/1917 , J , 1917, 
1045 
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13 reiKlcrcd^ bt.ihle Ly tho .iddilion of a fat or vaseline An apparatus 
devised by the .same nivenlorb^^^ consists of a rotating diuni with 
breaking ,ind cuiiieyiiig blades depending from the horizontal axis 
The fii’bt pait ot the drum, in which the paper is broken up to a pulp, 
has solid walls, the hitter part having perforated walls, so that when 
the pulp has assumed the form of a rolling coherent mass it may be 
washed by sprays of water directed on it from inside. Anotlier type 
of drum machine^ has helical convolutions on the insjde foiming an 
open channel lor the travel of the matenal, with obstrue Lions which 
impede the passage of unreduced pieces and return them up the diiim. 
The principle of washing waste paper stock by jets of water directed 
on the reverse side of a wue cloth with the moving pulp on the other 
side is patented by S Milne A new type of pulping mar bine has 
been described, containing a series of propeller blades revolmiig at such 
a high speed that a draving action is exeited against the ineitia of the 
paper in the suspending lif|iiid, and ihe component fibres ot tlie paper 
are drawn apart 

, Special Papeis. 

Filtej papo.—K J Bcvan and W Bacon^^' giro some general 
information on the subject of English filter papers from which it 
would appear that before the war some 500,000-600,000 lb of foieign 
chemical filter paper was imported into this country and that the 
English manufactuiers have successfully solved the pioblem of making 
this class of paper in the highest qualities Success has also attended 
the manufacture of filter pulp for brewers’ used-® In both these cases 
cotton IS the most suitable raw matenal and the purity and soundness 
of the fibre the most impoitant consideration According to 
Gawalowskd-^ the purification of filter paper by dilute hydrofluoric 
acid IS easily effected as regards the silica but the lime and iron oxide 
are somewhat resistant to this acid 
EooJiiKj /eiii.— Standards for the composition and properties of roofing 
felt board have been adopted in Germany^®'’ and the use ot ground 
bark wastes in the manufacture of these boards and other specialities 

Eng Pat 104,953/1916, /, 1917, 544 

PisLe Eng Pat 103,370/1916, J, 1917, 288 
’2^ Eng. Pat 107,410/1916, J., 1917, 959, and Eng Pat. 109,594/1917, J, 
1917,1174 

Wade Eng Pat. 3.702/1915 ; J, 1916, 833 
^21 Anah/st, 1916, 45, 159, 1916, 733 

^2^ Foster J Imt Biming, 1916, S3, 413; J", 1916, 1170 
229 Z and Cliem , 1915, 54, 503 ; J , 1916, 250. 
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IS reconiniGiided hy 0 Kross I’romisiiig icsulls li.n o uhuiiiied 
hy saceiiiiig and PoHinno spent tiiiinei’y ]):u]v or }iulji-uood Imk and 
the ]iiodnet imlIi a projiouion oi staiuLiul libre luill 

p/ipeis, wall buaids, and Hbro tu 1 )es Innclieen made horn niiMurcN 
A now motliod ot malaiig loolin^u sliceis is deseidied In \\ oodloy,' ■- 
iiecoidiiig iu wliieli moist piilpeil stoek is iiKorpoc.itcd with an 
a^jibaltic bindei liy foioin^ the nuN.uirc lepeatcdh ihioiyli peituiaied 
plates until liumogeueons and then i oiling it out into hlieels 
JIohluiLfiooJ jiqxi—lw making \essels ot [laper wliidi lias to be 
rendered moistiu‘e-])ruof, c !/ , by naming the finished <u tide, the ^ essels 
aie made up by milting two sheets ol paper In an adliesue wliieh is 
immiHi'ilile with the pioofnig agent, so that the piooJiiig .igent cannot 
penetiatc light through the papei 

Ol luuiu’nhil jKijic) ~rapcT oinaineiited by deepei and hgliter shades 
of colour on its siuface is nude, accoidiiig to a [talent ]t\ The 
Stiatlmioic Paper Co,''^ Ity ajtplyiiig a culuiiriiig or decohii isnig 
medium to the uneven sinfaee of the web on ilie uiie by means of a 
pi css u re 1 oiler The uneven suihice is pioduced It) |uiLliiig the lust 
sudioii 1)0\ out ol action so that the pulp tends to '’hank up and 
liec'ome ciushed liy the daiidv loll , the colour may be SjiiMved on 
to die iippei eoueh loll, and thus applied to the jiaper, being clh[)hiced 
liom the delated poi Lions of the sheet and eoneoutiated in the 
depiessious 

ridtaimxil Plates ot hard lulcainsed hlire are solteiied by 
stec[)iiig 111 a solution ot zinc chloride (1 5 ), dried m the air, 
impregnated with an emulsion of oil and water and subsecpienlly with 
oil alone The treated plates are dijiped in melted paialliii wax or a 
solution ot sodium silicate Theyaie tlexililo and can be used as a 
substitute foi sole-Ieatlier ’ A new modihcation of vulcanised fibre 
IS picpared by impregnating oidmaiy vulcanised filne with a solvent 
which may be used for displacing the raoistine tiom the washeil fibre 
Alcohol IS a suitahle displacing nicdnuu , the alcohol is then itself 
displaced by a proofing or softening substance w^hich is soluble in the 
alcohol For instance, an intermediate “ bakehtc ” product may thus 
be introduced and then fixed as a solid condensation product by 
heating, or else a modified oil, such as sulphouated oil, may be used to 
impart flexibility d**'’ 

J Ind Chem., 1516, 8, 883 , J, 1916, 1105 
13* Eng Pat 8815/1915, J, 1916, 1009 
“3 0. A Bidetb U S Pat 1,203,302, 1916, 1256 

i3< Eng Pat 108,340/1916, J, 1917, 1045. 
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hij)/’! —Experiments have been made bj Eudeloff on the 
mechanical properties of various commercial types of paper tubes. 
These tubes differ in quality and powei of resistance according to the 
subsUnce with which they have been cemented, coated, or impregnated; 
they are intended to serve as condmts foi gas oi water They aie only 
^ to jij the w'cight of lead pipes and lesist 3-4 times the internal 
pressiiie toi equal diameters None of the paper tubes, however, 
could bo regarcled as permanently capable of resisting the softening 
action of water A type of tube called “Pertiiiax” is made by 
impregnating paper with synthetic resin and i oiling up iiiidei tension ^ 
these tubes would appear to be suitable foi oil conduits Paper tubes 
show a sufScieiitly good tensile stiength but low compression strength ; 
the modulus of elasticity is low and the lesistaiice to bending 
stresses very poor, they cannot ho regarded as adapted for slructuial 
purposes 

Fiiepioof wiitinij papa —R G Mycis'""* has made expeumeiits with 
pulps piepaied horn chrysotile fibre together with precipitates of 
metallic compounds The best papers as legaids quality W’ere 
prepared from pulps containing precipitated hydroxides, aisemtes, 
silicates, and tungstates, particularly one containing a large excess of 
magnesium arsenite in an alkaline mixture As the lesiilt of firing for 
10 hours at 900 -1,000° C , it is concluded that no papei composed of 
mcomhustihle substances containing molecular wuiter can be made 
fireproof, but several can be expobed to a dull led heat loi 1 oi 2 houis 
Eoi firepiooi inks, feme, chiomic, and cobaltuus nitiates and chlorides 
give satisfactory results 

Fapei Ming and Ana]itsL'> 

An agieoment has been arrived at between the Ameiicaii Paper and 
Pulp Association and the Association of Wood Pulp Importers 
regarding the sampling and testing of wood pulp foi moisture 
The samples aie taken by boring discs, 4 inches in diameter, with a 
special auger Directions aie given for taking the samples in 
different positions on the bales and at definite intervals in depth. 
Eules for controlling the percentage retention of mineral loading m 
paper on the machine aie given by Plumstead.^'^'* Samples are taken 
at different stages in the manufacture and the loss of filler at each 
point is determined by drying and incinerating. 

1^7 Mitt E Matendpruf, 1916, 34, 61, 1917, 592 

'38 J. Ind Eng Chem,, 1916, 8, 8«8, /, 1916, 1105 
'3S Paper Mahng, 1916, 35, 10 , 1916, 172 ^ 

Chem. Eng , 1916, 23, No. 2 , 1916, 629 
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Conditions tor the detcrmnmtiou oi the i\et stioiigth oipap(T hiii o 
been pi oposed 1)y E 0 PooecU*^ These are necessauly chosen (pute 
empnicnlly, as the wet strength vanes with the tem])ei.itiii'e ot the 
watei and tinie of immeisioii Strips aie steeped foi JO nuns in v.iter 
at TO'E (jrC) ami then immediately hrokoinu the testing uiadiitic 
To ohLuii a high wot strength the paper should lie nunleiioni lung 
fibre pulp beaten “wet” and well ielbod and smod so as to give the 
maxunnui lOsisUnce to the penetration oi water 
Tliiee “direit” tests which have been de\ eloped at the Prussian 
Testing Institnte for measuiing the snilability ot j»aper iui leit.iin 
specific ] mi poses, are noithy ot notice W Ilcizbeig”- desiiilics an 
arrangement ot apparatus for deceiiniiiiiig the penueability to air ot 
paper damped himly between two inet.il flanges and hidijectcd to a 
constant ditfoiciice ot pressiue coi'iespunding to 10 cm ot nalui The 
volume ot air aspirated through the paper while maiiitaiiuiig (hib difier- 
ence ot pressure is calculated in teinis ot litres pei mm pei 100 sij cm of 
aiea The results utibrd an oftecti ve measure ot the iiuru'ii ty ot the paper, 
and hence ot its snitability tor airtight wrapiicis, for iiisianie, 
vegetable parchments and gieascpiouts lia\c a pei meal iilny ot only Od 
which is so low that it may be legarded as ecpiivalenl io zeio tor 
purposes where no difference of pressure exists 
A method of a similaily direct oider tor the dcteimniation of the 
permeability to heat ot tabrics ami paper is desir died by 0. Bauer 
The heat passing through the uninsulated bottom otainnsiilated cupper 
vessel ooiitaiiinig water at lOO'^C to tbo junction of a thermo-clectiic 
element placed beneath it, is measured with and vithout theiiitei- 
position of the material under cx.immation, observations being taken ,it 
intervals ot two minutes over a peiiod of 90 mins There is no 
definite relation between the lieat-proteetivo value ot a mateual and its 
nature, thickness, specific gravity, &c, and the i dative values ot 
different fabrics can only be asccriamcd by actual tests 
A third direct method, described by C Bait'sch,"* relates to the 
deteimination of the grease-iesistance ot greaseproot [)apeis A layer 
of fat, 1 mm, thick and 25 sq cm in aioa, is smeared over the p.ijicr 
by using a zinc template with a sipiare hole, ami the treated pajier is 
placed oil a sheet of white note paper, between two glass jiiatcs 
loaded with a 500 grm weight, tor one hour Difierent fats liave 
difierent penetratmg powers and lard is recommeiidetl as a standard. 

J. Lid 'Etis Qhm , 1016, 8, 1,003 , J., 1916. 1,211 
^'2 Mdt K mu, iitlpuif , 33, 142, ^,1016, 38 

r. Maienaly't'itf , 1015, 33, 290, 1916, 922. 
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The results^ are classified in groups according to the number of stains 
olisen-ed on the white paper Greaseproof paper should show only 
very few (not more than 15) small, practically isolated stains under 
these conditions. 

The inf] lienee of humidity on the physical properties of paper has 
been studied by 0 Kress and P Silverstem,^^' also by K Canipliell 
The conclusions ariived at concerning the decrease of tensile sticngth 
and increase of tensile stretch, when the relative hiimidioy of the 
atmosphere is increased, confiim pieviously recoided oliservations 
The folding strength of paper tends to increase with the humidity up 
to a maximum at about 80% humidity, more or less, according to the 
nature of the paper. After this point, a further increase in humidity 
causes a sharp chop in the folding resistance. The resistance to ink 
penetration falls considerably as the humidity is increased. 

0. Kress and G C. McNaughtoid-^' describe the cuiistiurtion and 
manipulation of the Ives tint-ithnloineter ns a means for r-he colour 
analysis, ni teims of red, green, and Idiie, of tinted while and coloured 
papeis as detei mined by reflected light The instiument is quite 
satisfactory fo 4 this pm pose and gives numbers applicable in practical 
coloiiMnatching. Expenments were also made with Tngei'solfs 
“glanmetor ’ to deteminc the effect of calendering , this mstiumont 
shows the percentage of light reflected where the angle of incidence 
IS equal to the angle of reflection, iii comparison uith the total 
lefiocied light The lesults show that vhilst the glaumcter might be 
of value in detei mining the hnish of white papers, it i& not suitable 
for coloured papers of different hues and intensities 
M. Yano^‘''^ lias studied in micioscopic cross-sections the penetration 
of coloured punters’ ink varnish into papers of different textures, the 
penetration vaiynig with the Imeness of texture If the printed 
paper be dried at too high a temperature the varnish penetrates too 
quickly and the pigment sepaiates on the surface and rulis off , this 
may be prevented by the addition of manganese boiate liosiii size 
does not impede the penetration of printing ink but gelatin sizing 
prevents it An excess of mineral loading fills up tbe pores of the 
paper and prevents the penetration of the varnish 
The determination of the eupnc reducing value of cellulose 
according to Echwalbc’s method, tahng all the minute precautions 
necessary to avoid incidental eirors, is a very complicated operation 

J Ind Sn(/ Chem , 1917, 9, 272 , J, 1917, 449. 
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Freiberg has onumeratetl certain further pi’ocautions i;pi|iiired tor 
obtaining trustworthy results, llotli the alhaliue tartrate and the 
copper solutions should be treslily prepared and the sodium hydroxide 
should lie made from metallic sodium and di.ssolvi'd in a clean iron 
vessel Eiiblior stoppers must not be used and the introduction oi 
sodium silicate in the distilled ivater must be guarded against. The 
Fehlmg’s solution must be poured otF the cellulose immediately the 
boiling operation is completed and tbe cellulose \i aslied a few times by 
decantation before liltcrmg the solution, pieleiably thibugli paper. In 
tins way the further deposition of cuprous oxide vliich takes ])lace 
vdieii dilute Febliug’s solution is beatoil, is prevented. It must be 
tadmitted, howetcr, that tbe large number ot romplieated pi'ccautions 
and the special apparatus now reifiiired to obtain trustworthy result.s 
by the Schwalbe method detract from its piactical utility for technical 
purposes, making it more suitable for ,i rnneisity lalioratory. 
Undoubtedly a modification in the direction ot simpluity and lapidity 
IS retpnred li the oiigiiul object of the test is to be iiiaiiitauied 
E. S McBride and .) A iSclierieU'’'' haie determined lliat the 
majority of clicmical lilter papers contain reduung suWances which 
have an apprecialile mlliicnee when a delicate [leruiaiiganate titration 
has to bo made after filtration, csjunmlly with hot titrations The 
reducing matter is leadily soluble ni miueous media ami most ot it is 
lemoved if the lilter be sulijected to a prelmniiaiw uaslmig with 25 c c. 
ot the reagent winch is to be used in tlie liltratioii ; the error is then 
negligible and is no greater even it tlie titration lie made in presence 
of the paper. 


Z (iHffeir C/iem , 1!I17, SO, 121 , 111] 7, 707 
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S. H Hiooins. MSc, 

CJiennst, BleacJieti Assouaimt, Lid 

This biMnch of chemical industry has, like other branches, been a fleeted 
by the war. The nature of the productions of many works has been 
entirely changed . the .scarcity of certain chemicals has caused iigid 
economy oi the employment of substitutes, and the mleiterence 
With the dvestuft supply has earned m.iii) difficulties In fact, it is 
remarkable tliat the indiistiv has been kept going, m spite oi all the 
diihciiltjes, and it would not lie to the national advantage to explain 
m detail the ch'vic'-'s adopted to overcome the difficulties 

Vaiioiis now* machines have been deseiibed, but, m tlie cases where 
full details have Iwcn given, thoie does not seem to lua^c been any 
revolutionary change Many of the inventions have been devised for 
special classes of work As m most other iiidustiies, not engaged 
directly in the jnodiiction of miiiiitions of wan, less research than 
usual has taken place , owing to the scaicity of labour and other 
troubles, the maiugeis and technical men have roqmied all their 
energies to keep the works going, and liave found little tune for 
experiment and the dcveio])mcnt of now pioces.ses In the United 
States, however a laige amount of reseaicli m textile chenubtry has 
been peifoiiiied m recent years 

This blanch oi applied chemistry lias always attiactcd a number of 
chemists, peihaps more than most other branches of chonucal mdustiy 
Whether tliese clK'im.sts have been of the first rank may be disputed 
in some (juarters, but certain it is that, in an unostentatious way 
they have biought the mdustry to a high degiee ol scientific develop- 
iiK'ni Tins development has also been assisted by the connection 
between tlie indnsiry and the aniline dyestiift jiidiisiry, which is 
piobabl y the most higlily developed, m a scientific sense, of all lacl ustries. 
Yet it must be aclniitted that among nianageis and technical men 
employed in the industiy there is usually a reticent feeling, a feeling 
which keeps them from discussing their successes and tioubles with 
others outside the woiks They always appear extiemely anxious 
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not to divulge iiiiytiing of value, and in some cases aic ^iveii strict 
injunctions by tlicir supcnois to that effect " Seciets,” however, 
leak out, and it is m the interests of the mdnstry as a whole that 
discussions on scientific and technical points should take place 

Dining, the jjeiiod nndei icvicw it is gratifying to note that leseaich 
in the industry has leccived official support Committees have been 
formed hj' the Society of Dyers and Colourists, problems selected and 
grants in aid ‘of reseaich on these problems made , a nnmhcr of 
piohlcms Lave been considered by committees appointed hv the Textile 
Institute , and this Society has received giants m aid of a lesearch 
beating on the technical development of the mdiistir under review. 
Theie seems to he a public awakening conceriimg the necessity for the 
appheaLjon of scientific research to the textile and suhsiduuy mdustiies, 
A large amount of work is awaiting execution, but it will be necessary 
to sec that it is begun on a iiglit basis if the industries are to obtain 
the hill benefit Moreover, it is well to remember that such work 
Will depend for its success upon the progress of pure chemistiy, as will 
be oxjilained later. 

It IS a remarkable fact that m different works simuar results are 
achieved by different processes Nobody seems to understand why 
the vaiiety of processes are used, except that they have been found 
success! Ill for years One printworks uses lime lioilmg for preparing 
tlic cloth, and another works, not many bundled yaids away, uses 
caustic soda boding Because both methods give satisfactory results 
no Inrther attention is paid to the matter , m industry, results, not 
methods, are cousideied provided economy is achieved The processes 
mentioned are not yet fully understood, and it is m matters of tins 
kind that research is required It must not be tliought, however, 
that, a scientific chemist entering the industry can solve all the 
difficulties encountered Textde chemistry is one of the most difficult 
branches of technical science, and long and painstaking lesearch is 
required before any conclusions whatever can be anived at 

Tue leasou that textile chemistry is so difficult and depends so much 
on experience, is because the chemist is dealing with substances or 
mixfiUies of substances, the chemical constitutions of which are 
unknown For instance, raw vegetable fibies contain as a rule: 
(1) cellulose, concerning which substance a large amount of lesearch 
work has been performed, but no definite ideas formed as to its con- 
stitution , (2) waxes, the thorough investigation of which has only 
recently been commenced; (3) protems, the chemistry of winch is 
extremely complex, and the constitution far from determined ; 
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(4) pectic matter^ concerning which little is known; (5) colouring 
matters of undetermined constitution ; and (6) mmeral matter ^ This 
collection of substances of unknown chemical constitution serves to 
indicate why the industry was founded on empiricism rather than on 
a scientific basis The bleacher dyer, and printer of textiles first 
aims at separating the non-cellulose constituents of the fibre from the 
cellulose ; the bleacher’s duty is merely to make this separation in 
the best and cheapest way he can and with the least possible injury 
to the cellulose of the fibre. The methods used are the results of 
accumulated experience, but chemical knowledge is being found of 
greater and greater assistance. Important work has recently been 
performed on the constituents of textile fibres, and progress in the 
textile industries will depend on investigations of the natures of the 
waxes, proteins, and pectins of plants Por instance, recent work 
on the action of ohiorme on proteins is of interest, and serves to show 
the connection of an important industry with a branch of biological 
chemistry. 


• Bleaching. 

An important method of bleachmg has been outhned by Levine,^ 
who showed that the ether-soluble and nitrogenous constituents of 
cotton cloth can be removed by the action of certain bacteria m a 
nutrient solution containing certain inorganic salts; the cloth is 
merely immersed in the solution instead of being scoured with lime 
or caustic soda. Eohm® treats raw cotton with a 0 1 % solution of 
pancreatm at 20^-40° G. for some hours and then bleaches m the 
usual way He later* protects the use of this solution for the cleansing 
of other articles than textiles, and Kwaisha® uses the proteolytic 
enzymes in the juice extracted from the bodies or cocoons of insects 
or silkworms in order to dissolve the sencin and loosen the fibres of 
silk. The use of enzymes lu the bleaching of cotton is of interest ; 
previously they had been used extensively to remove the size from 
cotton cloth before scourmg, but in this new development the action 
of the enzyme is taken further, namely, to ehminate the fatty matter 
and the proteins from the fibre. The foHowmg questions, however, 

^ Barnes (J, 1916, 1191) has shown that raw cotton gives as mucli as 1 % of ash 
on incineration and the variable mineral content afiects the properties of the fibre 
during dyeing and other operations 
* J, Ind. Mng Clem , 1916, 8, 298-302 , /, 1916, 687 
3 Eng Pat 100224, 1916, J, 1916, 1057 
^ Eng. Pat. 107191, 1916, 7, 1917, 955 
® Eng Pat. 106503, 1917 j 7, 1917, 959 
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ansc: (1) Can all the impurities be removed without roaoiting to 
ordinary scouimg > (2) how does the cost of the enzyme and nutrient 
solutions compare with that of ordinary scouimg solutions , and 
(3) if lime salts aic present m the nutrient solution is it necessary to 
tieat with acid after the action of the enzymes, in oidci to eliminate 
the lime ? It must not be forgotten that some enzymes attack 
cellulose, and unless this action be prevented the methods of cleansing 
mentioned mayhave an effect on the stiength of the fibre, just as over- 
rettmg rots linen It might be difficult to stop the action vlioii the 
non-cellulose constiluents of the fibre have been lemoved and the 
cellulose itself not attacked. Caustic soda boiling is tound to have 
no deleterious action on cellulose, even on boiling with iliat solution 
for k) hours undci pressure. Moreover, weak caustic soda solution 
IS an ideal cleansing agent for textiles, since it icmoves the waxes 
by saponification; it is the best hydrolysing agent lor pioteins, and it 
eliminates the pectic matter from the fibre Peihaps tlie most important 
point m bleaching is to have a safe method of sejiaratmg the cellulose. 
Only safe methods can survive X method might be \eiy scientific 
and economical, but if it results in an occasional lot dl goods being 
‘‘tendeied,” then the economy of the method disappeais and the 
method cannot survive In fact, methods which re(|iure caieful 
scientific control m order to save tendering do not commend themselves 
to bleachers ; methods which are not risky and can be entrusted to 
woikmen not scientifically trained are prefeircd. Some time ago a 
method of bleaching cotton m one operation was described. The 
cotton was heated in the her along with the scouring liquor, to which 
was added a certain quantity of a manganese salt, and air was passed 
through the goods while in the her. The idea was to oxidise the 
manganous salt by the air, tlie oxidised salt being reduced to its onginai 
state by oxidising the non-cellulose constituents of the fibie, and 
thus by a cycle of operations oxidising, and therefore bleaching, the 
cotton during the scouring operation. The method is ideal fiom the 
chemical standpoint. The writer has not heard if this process of 
bleaching has survived, but thinks the point mentioned above, namely, 
risk of tendering, would sooner or later cause its discontinuance 
The cause of the yellowmg of bleached cotton on steaming and storing 
has lately been discussed Levme® confirms Hebden’s’ conclusion 
that the timimg yellow is partly due to nitrogenous impurities , but 
he also finds that the ether-soluble impurities have some action. 


« J Ind Enff CAem , 1916, 8, 298-302 j 1916, 687. 
7 1914, 959 
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Freibergcr® states that cloth bleached with cold hypochloiite sointiOR 
and then soured did not keep so 'vveil on stoiing as the same cloth 
bleached in a warm alkaline and then a warm acid bleaching bath 
The present writer® found that any of the residual non-cellulose con- 
stituents of fibre had the efiect of causing yellowing on stoimg, and that 
the only method of preventmg this fault was by proper scouring before 
bleaching. 

That scouring increases the strength and elasticity -of cotton yarn 
has been confirmed If, howeYer, the yarn was not properly scoured 
before tieatment with the hypochlorite solution, there was an actual 
loss m strength Seel and Sander^® found no structural modification 
of cotton and linen, when viewed under the micioscope, after tieatmg 
with acids, alkalis, and oxidising agents. Wool, how'ever, was afiected 
by alkaline boiling, and soap instead of soda ash was recommended for 
this woik 


The Bleaching Action of Hypochloiite Solniions. 

Korselt^® claims the use of hypochlorite solutions of gradually inci eas- 
ing, instead of decreasing, concentration This method may produce 
a good white but certainly not a cheap one, considering the amount of 
strong hypochlorite which is retained by the cloth, and lost in the 
subsequent washing process Briggs “ discusses the economy of hypo- 
chlorites in bleaching operations. The theory of the bleaching action 
of hypochlorites has been the subject of much controversy,^® “ but it 
now seems to be established that their bleaching action is due to (1) the 
direct production of nascent oxygen by the hypochloates, and (2) the 
production of nascent chlorine by the action of the hypochlorous acid 
present in solution on the chlorides also present. A number of observa- 
tions beaiing on this discussion have recently been made. It was 
found that very dilute solutions of hypochlorites decompose slowly, 
the velocity of decomposition being apparently represented by a portion 
of a rectangular hyperbola It had previously been shown that the 

® Z mgevi Ohem , 1916, 29, 397-400 , J, 1916, 629 

® “ Dyeing in Q-ermaay and Ameiica,” second edition, Longmans, Grxeen and Co , 
1916 

10 F P. Jacnsco, J Soc^Dyers and Col, 1917, 38, 34-38’, <7, 1917, 288. 

11 See also Higgins, J Text Inst , 1916, 38 

12 ^ angew Chem , 1916, 20, 261-265 , J, 1916, 886 

1® Ger Pat 287240, 1913 , /, 1916, l74 1“ J, 1916, 799 

1® Higgms, J, 1913, 350, 359, 1064, 1153, 1914, 785, 1152 

10 Taylor, /, 1914, 38. 

17 L Vallery, Comptes Mend,im, 326, J, 1916, 378 

18 Higgms, J. Chem, 8oc, 1913, 103 , 1,816, J, 1913, 1064. 

l2 



164 


BEPORTS Of THE PBOGBESS Of APPLIED CHEMISTRY 


velocity of the Weaciimg action of such solutions could be represented 
in a similar manner Bicci^® states that the addition of chlorides, as 
a rule, has little effect on the stability of hypochlorites, altliough under 
some circumstances the addition has an appreciable effect on the stability 
and bleaching efficiency of the solutions A Smith supports 
previous work,®= showing that bleaching powder solution and sodium 
hypochlorite solution produced by the clectiolysis of common salt 
solution give identical results m bleaching jiroeesses. The pink colour 
of hypochlorite solutions, sometimes noticed m laboiatory experiments, 
but seldom nowadays m commercial liquors, has been attributed to the 
presence of ferrates , hut further work has shown^® that it is due to 
permanganates, the manganese being derived from the bleaching powder. 
The present writer had noticed this pink colour in hypochlorite solutions 
in contact with manganese compounds, such as manganese dioxide 
It IS interesting to note the use of a mixture of bleaching powder and 
bone acid as a powerful antiseptic m smgeiy. This mixture had 
previously been used by chemists to prepare hypochlorous aod by 
drstillation, and the present writer showed-^ by adding boiic acid to 
hypochlorite solutions, that an extrejiiely active bleaching solution was 
produced 


degree of Bleaching of Cellulose. 

Many methods of determimng what is called the degree of bleaching 
’of cellulose fibres have been described from time to time, but this work 
has been of little interest to the practical bleacher ; he contents himself 
with the usual strength tests, and only examines the material for the 
so called oxy-and hydro-cellulose in cases of decided weakness of the 
fibre The “ copper value ” of Schwalbe has been much discussed, 
but Freiberger states that certain precautions are necessary in applying 
this method. Further, he®^ attempts to classify the whites of bleached 
goods by observing the stams they produce with waste bowking liquors 
Haller,^® however, points out that such a melhod of distinction is only 
applicable to goods bleached by the same system of bowking and 
bleaching. He ought to have fiiither added that such a method of 

J , 1 915, 714 * Uiggms, J , 1911, 185. 

J., 1916, 185 Higgiud, loc cii 

® Elledge. J Ind. Mng Chm , 1916, 8. 780 , 1916, 1013 

7, 1913, 359 -■> /. 1914, 1152 

28 Z angeio Chem , 1917, 30, 121-122 , J, 1917, 707 
^ Fa)ber-Zeit,mZ, S6, 319-321 , 1916, S7, 26-27, J, 1916, 639. 

38 Ihd , 1916, S7, 6-8 , J, 1916, 630 
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comparison could only possibly be of use when the same cloth was used 
in all the tests. 

The behaviour of the waxes of textile fibres during the bleaching 
process is discussed by the writer,^* and the efficacy of the lime boil 
explained Because of the difficulty of removing the natural waxes 
during bleaching, James Burt-Maishall, Ltd, and S. H Higgins®^ 
extract the waxes by solvents before the bleaching piocess. Appaiently 
with a similar intention Beckham boils the cloth m a soap solution 
containing benzol instead of scouring in the usual way, and, further, 
a solution containing potash soap, carbon disulphide, and olein has been 
suggested for removmg grease fiom fabrics.®® A recent research on 
pectic matters®^ is of interest to bleachers, and the removal of pectic 
matter from vegetable fibres by means of a hot aqueous solution of 
hydrochloric acid has been protected In bleaching with an alkali 
peroxide a claim is made®* foi heating the bath immediately to 85*^ C 
to produce a better white in a shorter time To prevent the flocculation 
of calcium soaps m washing baths, the addition of a soluble colloid, 
e.y., glue, albumin, etc , is protected 
In a paper on bleaching faults, J F. Briggs*® discusses most of the 
tioubles with which bleachers have to contend, and a papei by Eudde®* 
is of interest to those bleachers who are troubled with river pollution. 
On exposing bleached cotton to the action of the light of a Cooper- 
Hewitt lamp, it was found to be “ tendered ” and apparently partially 
changed to “ oxycellulose 

Use of Nitie Oah m Bleackng 

Owing to the war, acids have been costly and scarce ISlitie cake 
has been used m many oases in place of sulphuric acid and of hydro- 
chloric acid foi “ souring ” textiles Except m certain cases, such as 
lime souring, it has been found a good substitute , and even in the 
case mentioned it has been used, with advantage, after the goods 
have been well washed Troubles of dissolving the cake and tesiing 

J, 1914, 902 ^ See also Higgins, J Text Inst , 1916, 7, 30 

Eng Pat 102892, 1916 , J, 1917, 211 
« Met and Chem 1916, 4, 160, J, 1916, 303 
S Dyson and J Dvson and Co , Ltd Eng Pat 10311, 1913 , J , 1916, 867 
S E SelirjTer and D Hajnes, Biochem J, 1916, 10, 539-547 , J , 1917, 577 
S'’ B Leecli Eng Pat 104202, 1916 , J, 1917, 451 

35 Deutsche Grold-undSilber-ScheideAnstalt, Eng Pat 10916,1915, 1916,925 
Farbenfabr vom E Bayer und Co , G-er Pat 294028, 1914 , J , 1916, 1153 
33 y, 1916, 78 3* J-, 1916, 404 

^ Boree and Dyer, J Soc Dye} sand Col , 1917, 33, 17-19 , J , 1917, 211 
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its acidity have been mentioned , special tanks liave to b? used, and 
the solution tested volumetrically “ 

The Action of Acids on Cotton 

The tendering action of acids on cotton has been investigated by 
M Fort and F. Pickles,*® and discussed by J. F Briggs*®, cellulose 
does not form compounds with acids, and m ith mixtures of acids selective 
adsorption was only pronounced at high concentration ** Tlie ten- 
dering eSect of acids on cotton was found*® to inciease ivith the leimtli 
of time of contact and was reduced by washing with water or alkali 
Zanker and Mam*® found that a mixtuie of Glauber’s salt and acetic 
acid caused tendering of cotton, but that this was the best mixture 
to use in dye baths for union goods 

Of interest to both blcacheis and dyeis has been the trouble 
experienced by many bleachers ot cotton piece goods woven with 
coloured boideis Many new dyestnifs have been used foi dyeing 
the yarns for these coloured borders , in some cases “ bleeding " into 
the white cloth resulted duiing the scouring process The new 
dyestuffs have been faiily fast to the usual tests, except ihe test 
mentioned, and when once tlie coloiiis have “ lun ” the bleacher 
finds it impossible to correct the fault To prevent the bleeding of 
vat colours, padding the cloth with caustic soda solution, to which 
iion-oxidisable salts have been added to prevent the solution of the 
colour, and allowing the goods to he some time before the process of 
bleaching, has been protected.*** 


Dyeing. 

The troubles to dyers caused by the interference with the supply 
of dyestuffs have been discussed by Whittaker *® Wood col mu s have 
been more used than formerly, although pievious to the wai tliey were 
used in large quantities by some yarn dyeing works 

** Chem Trade Jam, Jan 8, 1916, J, I9l6, 109; J E Ifannay, J Soc 
Dyers and Col, 1916, 32, 65-66 , /, 1916, 48, P. Eean, J, 1916, 11515 See 
also J., 1917, 1216a « J , 1916, 38 ** J , 1916, 78 

** A Leigliton, J Phys Chem, 1916, 20, 188-194, J., 1916, 464 
® H. Wilkmaon, J Soc Dyers and Col , 1917, 83, 148 151 ; /, I9l7, 707 
« larler-Zeit , 1916, 27, 356 , J, I9l7, 708 
*7 J aiaf, Ger Pat 288751, 1914, J, 1916, 419, 

*8 J, 1916, 783, 1201. 

"The dyeing yalue of some natural rndian dyestuffs” Snviatava, Ayi tc J. 
India, 1916, 53-64, J, 1916, 961, “Cntcli m Burma,” J, 1917, 208, “Dyeing 
materials in the Philippines, J Soy Soc AHs, 1917, 65, 553 ; J,, 1917, 706 
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Of receat years tliere has been an inclination towards the production 
of fast dyes ; fastness has received more consideration than hitherto. 
The use of vat dyestufis has extended, and as pointed out in Vol I of 
these Eeports, there has been a marked activity in the jjioduction of 
new shades by the developing of azo-dyestuffs on the fibre. Fast 
grey shades are produced on cotton by the oxidation on the fibre of 
di-/3-naphthyl-4 . d'-diammodiphenylaminesulphonic acid^® , clear red to 
dark blue shades by impregnating the fibre with a sodiuni carbonate 
solution of arylides of 6-hydroxy-2-naphthol-3-carbox3'lic acid, then 
heating with a solution of an unsulphonated diazo compound 
Turkey red shades by coupling an aromatic diazo compound with 
2.3-hydroxynaphthoylaminothia2ole5“ , fast black dyeings by coupling 
an aryhde of 2.3-hydroxynaphthoic acid and a diazotised asym>- 
dialkyl-^-diaminoazo compound”; and yellow to black shades by 
impregnating the cloth with a sodium carbonate solution of 2.3-hy- 
droxynaphtho 3 ''lammonaphtholsulphomc acids and then treating with 
unsulphonated diazo compounds ” Further development of the use 
of formaldejjyde toi these fixations is shown in the production of fast 
red to blue shades by treatmg on the fibre with formaldehyde the 
dyestuffs obtained by coupling tetrazotised diamines with one molecule 
of an aminonaphtholsulphonic acid and one molecule of an ammo- 
substituted derivative of 2 5 7-aminonaphtholsulphonic acid containing 
a free ammo group ” 

Other examples of dyestuffs produced on the fibre are a brown 
shade by oxidising salts of anilme and its homologues mixed with- 
an aromatic hydroxy compound containing no nitro, mtroso, or ammo 
group, eg , d. phenol®* ; an aniline black, said to be unaffected by 
sulphur dioxide, by the interaction, at a high temperature, of amlme, 
a diamine, and chlonc acid, with or without anothei mineral acid 
containing oxygen, but without salts of copper, iron, manganese, 
vanadium, or chromium®’ , a deep black on wool, by treatmg with a 
solution of a mono- or polysiilphonio acid and of a p-ammo- or 
p-ai7lamino-ar}i-/3-naphthylamine,theE chroming®* , fast khaki shades 

Farbenfahr TOrm F Bayer und Co , Ger Pat 296142, 1916, J", 1917, 597 

Fartenfabr Torm F Bayer und Co , Gkr Pat. 294798, 1914 , J, 1917,81 

Farbw Torm Meistei, Luoius, und Brumug, Ger Pat 294780, 1914, J , 
1917, 81 

Chem Fabr Gneslieim-EleUron, Eng Pat 100804, 1916, /, 1916, 188 
Farbenfabr. vorm F Bayer und Co, Ger Pat 2965S9, 1914 , J, 1917, 594 

®® Farbenfabr vorm F Bayer und Co, Ger Pat 295072, 1914, J, 1917, 213 

s® J F Moseley and E McCardell, Eng Pat 105349, 1916, /, 1917,594 
37 Ebrenzweig, Ger Pat 291955, 1913, J, 1916, 834 
3® Farbenfabr Torm P Bayer und Co, Ger Pat 291021,1914, 7,1916 834. 
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on woolby batts contamiiiE; dibydroxy-orammobydroxynafilithalene- 
snipliomc acids and copper salts®* ; and kbaki shades on animal or 
vegetable fibres by immersing them m bichromate solution, and then 
in a solution of a substance obtained by melting together four parts 
ol a jn-diamme with one part of a p-phenol.*® 

The use of titanium taiinate or tanno-oxalate as a mordant has been 
described.*^ A number of shades on animal fibres are said to be 
produced by the action of metallic salts in the pieseiice of nitntes 
and of an acid.® In the dyeing of wool and silk with vat colours 
tliC addition to the bath of a, small amount of alkab and of the lyvdroxido 
of a heayy metal has been protected For the dyeing of tussah 
silk Sen®* recommends the methods used tor dyeing wool, smcc tins 
fibre resembles wool m its behaviour towards dye solutions The 
interaction of certain dyestuffs with copper during dyeing operations 
has been pointed out by J K Hannay«® and the use of acetic acid 
in place of sulphuric acid for after-chroming has been recommended 
in order to prevent the partial destiuction of the dyestuff by oxidation ® ® 
0. Diehl®’ suggests the use of a slightly acid alizarin dyebath and 
rapidly raising the tcrapcTature to complete the dyeing within a 
quarter of an hour. Sen*® has desciibed a method of producing 
aniline black on wool. 

Further work has been done by E. Lodge®* on the application of 
sulphide dyestufis to animal fibres, sulphites and hydiosulphites being 
used for the reduction of the dyestuft, and excess of alkali in tim 
dyebath avoided so as not to impair the strength of the fibre Sen’<> 
adds Tiukey red oil to the bath to improve penetration, and describes 
methods of producing sulphide dyestufis on wool. The tendering of 
fabrics which have been dyed with sulphide dyestuffs has been furthei 
investigated The dyestufis are said gradually to liberate sulphui. 
which m the coiiisc of time becomes oxidised to sulphuric acid and 
thus causes the “ tendering ” of vegetable fibres Various methods 

Farbenfalir Torn P Bajci and Co, Ger Pat. 29U56, 1011, J, 1916, 834. 

E Yidai, Eng Pat 1024, 1916, J, 1916, 1357. 

Barnes J , 8oe. Dyers and Col , 1 916, 32, 141-142 , J , 1916, 630 

E and G E P Lodge, J, 1916, 400 

E Wedetmd, Ger Pats 287042, 1913 and 289314, 1912, J, 1916, 419. 

J, 8qo Dyen and Col , 1916, 32, 243-244. , J, 1916, 1106 

J, 1916, 36 

E Grossm an, FarUrM , 1915, 26, 7 ; J, 1916, 419 

Farhr-Ze%t , 1916, 27, 134-137 , 1917, 59. 

J 8og Dyen and Coil, 1916, 32,244-24.5, J, 1916,1107 
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J. 8oo. Dyers and Col , 1916, 32, 215-246, J., 1916, 1107 
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Kave been descubed and patented for preventing this defect of sulphide 
dyestuffs. For instance, treatment of the dyed fabric with a bath of 
sodium acetate, thus leaving a small quantity of this salt on the fibre, 
has been used , if sulphuric acid be afterwards developed, it acts on 
the acetate, liberating acetic acid, which does not injure the fibre 
It IS said” that fabrics dyed with black sulphide dyestuffs, which will 
withstand heating to 140^ C foi one hour without tendering, may 
be stoied with safety To prevent the “ tendermg of the cotton 
of union goods dyed with sulphide dyestuffs, an after-treatment of the 
fabrics with ammonium salts and chromates has been patented This 
treatment also dyes the wool 

The industry of H-dyeing cannot yet boast of an extensive literature, 
but the industry has assumed large proportions and high scientific 
development in some countries The methods adopted are principally 
matters of equipment, special methods being used for special purposes, 
and there is little desire on the part of the users of these methods to 
make them public property C M. Whittaker” shows that exposure 
to light and an affects the affinity of flannel for dyestuffs, and he 
suggests that the exposure results in the paitial destruction of the 
ammo groups of the wool M. Fort” states that the affinity of faded 
wool for vanous dyestuffs is erratic, basic colours being taken up more 
readily after the exposure, but acid colours show a less decided affinity. 
He suggests methods of treating the wool to oveicome this ei ratio 
affinity He fuither found” that whenever wool is browned by finy 
agency, its affinity for dyestuffs is altered Bilk is similarly affected, 
but m a less degree. The browning of the fibre is said to be connected 
witli the development or degradation ot the ammo-acids of the wool 
Some interesting remarks on re-dyciiig are also made by Lake.” 

Slop paddlmg is recommended m place of dyeing” on grounds of 
economy , liy using an oil m the dyehath to assist tlio penetration, 
deep shades can lie produced Pack dyeing is discussed by F Smith,” 
the difficulties, and methods of oveicoming “ chanuellmg, ’ lieing 
dealt with In foam dyeing, P Sislev” shows that the conceiitiation 

Zaiiker uud Weyricli, Farher-Zeit , 1915, 26, 337-341 , 1 , 1916, 687 See also 
Ylies, J, 1910, 558, and J, 1910, 672, 1915, 659 
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7’‘ J Soc Dyer^ and Col , 1916, 82, 109-111 , /, 1916, 534 

7» J Soc Dyers and Col , 1916, 32, 184-187, J, 1916, 833. 

7fi J PJiys Chem , 1916, 20, 761-808, 1917, 133 

77 G. Tagliant, Farler-Zeif , 1915, 26, 222-228 , J, 1916, 087 

73 J Soc Dyers and Col , 1916, 32, 128-135, J, 1916, 630 

73 Bull Soc Chm , 1917, 21, 155-157, J, 1917, 1127 
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of colloids in a foam has a parallel m the concentration of’ colloids in 
the emulsified poifcion of an immiscible solvent, and the property of an 
emulsified liquid, ey , a “ broken ” soap bath, of dissolving much more 
than the normal amount of liquid is used to explain a number of dyeing 
processes involving the use of emulsions in fixing veiy slightly soluble 
dyestuffs. The use of silk- worm chrysabdes instead of soap to produce 
the foam in foam dyeing has been protected Papers on wood dyeing® ^ 
and paper yarn dj-emg®^ have been published The fastness of dye- 
stuSs has been treated, and standards fixed by P Heeimann For 
testing the fastness of dyestufts to light, A Ganswindt®* uses a lamp 
enclosed in marble plates, which have been soaked, at a lugli tempera- 
ture and pressure, in a non-volatilc hydrocarbon, although highly 
transparent, the marble absoibs the daik heat rays, and therefore 
provides a light eminently suitable for using in testing the fastness of 
colours to light A method of determining alizarin in dyed fabrics 
IS described by Leigh 

A number of papers bearing ou the theory of dvemg have appeared : 
it has been shown®® that the adsorption of dyestuffs by> colloidal clay 
increases with the colloidal nature of the dyestuffs, and that®^ ammo- 
aoids and polypeptides (and hence probably proteins such as wool and 
silk) combine with neutial salts to foim molecular compounds during 
the dyeing process Further, Fort has shown®® that sulpliuric acid 
employed m the dyebath combines with the wool base to form an 
additive salt which reacts by double decomposition \nth the salts of the 
colour acid of the dyestuff Knecht and Kibbcrt,®® in experimenting 
on the adsorption of dyestuffs by charcoal and silica, found that animal 
charcoal, in these experiments, could not be regarded as a form of the 
element carbon, since the nitrogen contents of the charcoal had a 
maiked influence on its affinity for dyestuffs. This is an important 
observation, for one of the strongest supports of the mechanical theory 
of dyeing was the different behaviour of two forms of the same element, 
namely, graphite and animal charcoal, towards dyestuff solutions; 

®« a Schmid, Eng Pat- 100336, 1915, J, 1916, 630 
Moll, Z mgew CTew, 1916, 29, 405-409, J, 1917, 132 
Eeicesz, Chm -Zed , 1917, 41, 43-44, J, 1917, 2S7 
Mdt K Matmalpriif , 1916, 34, 153-15C, J, 1917, 590 
Farhen-Zed 1917, 53, 49;/, 1917, 960 
J Soe Dt/ers and Col, 1916, 32, 203-213 , J, 1916, 888 
Rohknd, Eolloul Zeds, 1915, 16, 16-18, /, 1916, G85 
Pfeiffer and Wittka, Ciem -Zed , 1916, 40, 858, J , 1916, 597 
** J. S)c Dijers and Col , 1916, 32, 33-40 , /, 1916, 304 
J Soo. Bijere and Col, 1916, 32, 226-230 ; J, 1916, 1008. 
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it was shoVn®® that the foimer behaved like cotton and the latter like 
wool in baths containing different dyestuffs. The relation between 
electiical endosmose and the adsorption theory of contact electiification 
has been shown® ^ , the phenomena encountered in dyeing are said to be 
in accordance with the ionic adsorption theory No fuither work has 
been done on the adsorption of dyestuffs and of moisture by textile 
fibres since it was shown®® that an analogy exists between the adsorption 
by textile fibres of moisture from the air {* e , a vapour from a gaseous 
medium), and of dyestuffs fiom solution («e, solids fiom a liquid 
medium). The question as to whether the absorption of moisture 
by vegetable fibies is a chemical or physical phenomenon is by no 
means settled, but the writer thinks that much enlightenment would 
result from furthei investigation of the two absorptions mentioned. 

Printing 

The use of resorcinol to dissolve the lakes formed by tannm with 
basic colours has been suggested'’^ ; it can also be used for discharging 
these coloui* on a tanmn ground Poi the fixation of acid dyestuffs 
on cotton, the use of the condensation products of aromatic amines and 
aldehydes has been protected Two methods of piodiicmg white 
and red impressions on mdigo-dyed goods have been described,®® and 
prints of great fastness to light are said to be pioducod by 1. 4.5.8- 
tetrahydroxyanthraqumone, using an aluminium mordant®® The 
use of a reducing agent, a citrate, and “ Blandola ’’’ (pure vegetable 
gelatin) for producing white or coloured reserves m printing with 
chrome colours has been patented,®’ as has also the use of phenol- 
formaldehyde condensation products for the fixation of metallic powders, 
pigments, oi dyestuffs®® E. Dzieyk®® describes the use of Manila 
copal and paraffin to produce by grinding with dyestuffs, dust -free, 
dry, transfer printing colours for embroidery work , the colours are 
fixed by spraying with alcohol. The pioduction of novel effects in 


J Hubner, CJiem Soc , 1907, 91 , 1057, J, 1907, 105-112 
T R Enggs, H. L Pierson, and H S Bennett, Amr Eleetrochni Soc , 
Mat, 1917, J, 1917, 1093 
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Wosneasensky, J Soc Dye^s and Col , 1916, 32, 278-280, J, 1917, 80 
Know Mill Printing Co, Ltd, and P W Weeding Pat 102291, 1916, J, 
1917, 80 

G Tagliani and Brosio, Farler-Zeit , 1915, 26, 1-3 , J, 1916, 419 
Farbeiifabr vorm P Bayer und Co, Gcr Pat 290975, 1914, /, 1916, 598. 
Durand, Huguenm et Cie , Ger Pat 293359, 1915 , J , 1916, 1058 
Baltelite G m b H , Eng Pat 7284, 1916 , J, 1916, 784 
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union fabrics by printing with substances which are capable of destioy- 
ing one of the fibres present, then subjecting to a high temperature, 
has been protected ““ 


Mercerising 

A number of processes have recently been patented depending on 
the action of sulphuric acid of various strengths on cotton Mercei, 
m his original specification, mentioned the use of sulphuric acid of 
105° Tw ^ but subsequent experience in meiceiising showed caustic 
soda to be the best reagent to produce the swellmg and iiistremg of the 
fibie 5 moreover, it could be used without risk of damaging the material 
Hebeilein und Co produce novel effects on cotton fabrics by (1) 
alternately treatmg them with alkali lye of 15° B and sulphuric acid 
of over 48° B , and (2) submitting the cotton fabric (previously mer- 
cerised) to the action, m places, of sulphuric acid of strength greatei 
than 50*5° B., then washing and again meicerismg Another 
method, devised for producing transparent effects on cotton, is by treat- 
ment with snlphuTic acid of less than 50*5° B , cooled to egt least 4° C , 
and subsequently mercerising with caustic soda 
A. Leighton^®* has investigated the absoiption of caustic soda by 
cellnlose and, after criticising previous work, supports Ilubncr and 
Teltsohoi’s^'’® conclusion that there is no experimental evidence of the 
formation of any chemical compound of cellulose with sodium hydroxide. 
Various explanations have been given of the fact that merceiised fibres 
absorb more moisture from the air and more dyestuff from solution 
than ordinary cotton fibres R. Haller states that the outer mem- 
brane of the cotton fibre consists of two structural elements, thus sup- 
porting Nagcli’s miceliary theory of the structure of vegetable mem- 
branes The absorption of dyes and mordants by the penetration of 
those substances into the micellarj? interstices is dependent on the 
power of dispersion of the particles, and in the case of mercerised 
fibies, the micellae being more widely separated than in ordinary 
cotton, particles of larger sive are admitted, ‘thus accounting for the 
increased shade of dyeing produced 
No particular advance in the practice of mercerising can be lecorded , 

“'0 Zeidler, Ger Pat 293400, 1914, /, 1916, 1057 
Eng Pat 100483, 1916 ; J, 1916, 1057 
J, 1917, 133 

Akt-Ges Cilander,Eng Pat 103432,1916, 1917, 286 

w* J Flip CJmi, 1916, 20, 32-50, J, 1916, 249 
J, 1909, 641 

los Xolloid Zeik , 1917, 20, 127-145 j J, 1917, 923 
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'in recent pars attention has been devoted to the economy of the soda 
lye, and few changes m the process itself have taken place Mercerised 
goods, hitherto imported from enemy countries in large quantities, 
have now been produced in this country, and there seems little possibility 
of this home trade being lost The tests to distinguish mercerised from 
ordinary cotton, described by J. Hubner/®^ have been used with success 
in industry.^®® Of mterest to mercerisers is a method of recovering 
lime from spent caustic mud by filtering and calciniijg in a kiln.^®® 

Finishing. 

This branch of the industry has been little afiected by the application 
of science, but in some branches there is evidence of the success of this 
application The Austrians have made a success of the finishing of 
heavy merceiised goods, and they have done this by the special prepara- 
tion of the cotton for this puipose , the spmmng, weaving, and sub- 
sequent finishing have all been specially adapted to produce the best 
mercerised article, ]ust as this special adaptation has been carried out 
in Germany to produce heavy “ raised ” cotton goods Few papers 
on finishing have appeared P Bean^^® has discussed a number of 
modifications of starch, and the analysis of sizes and finishes has been 
treated by Lamb and HarveyA^^ Glue m place of starch has been 
suggested for sizing, and starch and diastafor m place of dextrin 
The weighting of silk can he earned as high as 180%, according 
to Aumann,^^® the degree of weighting being influenced by the physical 
characteristics of the fibre. Heermann®-^* states that no definite 
additive compound between the stannic chloride and the silk in weighted 
silk has been proved He favours an electrolytic theory the attraction 
of the silk being governed by the state of electrolytic dissociation of the 
stannic chloride 

The state of development of the industry and technical instruction 
in this branch of applied chemistry are dealt with at length ]n the 
writer’s publication previously reterred to. 

Although the above is a short account of some of the important work 

w /, 1908, 105 

Higgms, “ Dyeing m Germany and America,” 2nd ed., Longmans, Green 
and Co , 1916 

J H Pape, J Ind Eng Chem, 1915, 7, 1056-1059, J, 1916, 111 
11® J Text Inst,m5, 4, 223-232, J, 1916, 107. 
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whicli has recently been published, it must not be understood that the 
published woik and patent specifications arc a record of all tfic research 
work that is done in the industry. Publication ofters few attractions 
to chemists engaged in the industry, because such work does not advance 
them in chemical circles, and is referred to as being of mere teclmicai 
interest. Work known to have taken many years to accomplish, 
work scientifically earned out and admitted to be of high impoitance to 
the community,^ has been overlooked because it was said it made no 
direct contribution to science. Research students have, therefore, 
left technical problems alone, and in order to gam recognition, have 
turned their attention to investigations of purely scientific interest. 
This state of affairs, however, cannot be of use m assisting the applica- 
tion of science to mdustry. 
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ACIDS, ALKALIS, SALTS, &c. 

By H. A. Auden, 

Chief Climist, Gaslell-Deacon Jroihs, Vmtei Alkali Co,, JVidtm. 

The period covered by this second report is naturally still strongly 
influenced by the continued activities arising from military needs. 
The effects of the restricted supplies of some raw materials have been 
severely felt in certain directions, and the efforts made to apply 
substitutes have in a large number of cases been successful 

A paper read before the American Chem. Soc , in April, 1916, gives 
an account of the influence of the war on American chemical industry. 
The cessation of shipments of potash salts from Germany, and the 
almost total ‘stoppage of the importation of dye-stuffs, have been 
seriously felt. Great activity has been shown in assisting to meet this 
acute situation. The growth of the soda industry is indicated by the 
census of manufactures. In 1914, 1,371,105 metric tons of soda 
products were manufactured, being an increase of nearly 42% over that 
of 1909. The consumption of pyrites in the United States in 1915 
reached a new high level, 1,358,768 tons, due chiefly to the unpre- 
cedented demand for sulphuric acid The domestic production was 
394,124 long tons, an increase of 57,462 tons over that of 1914.^ The 
exports of sulphur fell from 98,163 tons in 1914 to 37,312 tons in 

1915. Sulphuiic acid supplies have been inadequate since the middle 
of 1915 

The following production figures from the U. S. Geological survey, 

1916, are of interest acid, 1,518,271 metric tons ; 60“B , 657,076 , 
66°B., 1,019,024; oleum, 189,795, total reduced to 50“B., 3,868,152, 
of which smelters contributed 1,056,830 

The war has compelled Russia to develop her own chemical industry, 
and the progress has been faii’ly good in spite of the hindrance caused 
by the great shortage of materials and machinery. The supply of 
Russian pyrites is increasing, new deposits have been found near the 
railway at Kinel in the Boguruslav district, and sulphur is reported 
near Samara. Kew vitriol works have been erected m the Volga 


1 1916, 1107 
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region, in the Donetz basin, in the Caucasus, and in the Urals. The 
Ekaterinburg works produced 1,700,000 poods (li8,000 tons). The 
factory at lUshtyn was destroyed by fire, but an attempt was made to 
resume m 1917. 

The chemical and allied trades in Japan have been alfected liy the 
industrial changes to a degree approached by few other branches of 
manufacture. The annual production of about 300 tons of chlorate of 
potash has increased to over 3,500 tons Factories for the manufacture 
of soda ash afid bleaching powder, zinc refineries, glass works, &c., 
have been erected These examples indicate that her mfliienco as an 
industrial nation on the markets of the world is increasing rapidly. 

The Government returns for 1915^ give the follow mg figures:— 
sulphuric acid, 1,170,000 Ih , hydrochloric acid, 1,819,000 lb. , caustic 
soda, 249,000 lb. , and acetic acid, 723,360 lb 

The progress made by the chemical industry m Franco since the 
outbreak of ■war has been such as to make her henceforth practically 
independent of Germany for the majority of products formerly 
obtained from that source. Idle works, largely at the instance of the 
Ministry of Commerce, have again been set in operation, and the future 
of the industry secured The output of oleum, of wnich 75% was 
formerly imported, is now in one single Department equal to one-half 
of the total pre-war consumption. The Magnesie Fran^aise has 
discovered an improved process for the manufacture of sulphuric acid 
by means of magnesium salts. Very substantial development has been 
made in the production of nitric and hydrochloric acids, also liquid 
chlorine and bromine. 

. For some years before the war, Germany imported 900,000 tons of 
pyrites from Spam, and 400,000 from Norway The borne pioduction 
was about 300,000 tons, mamly from Megcn in Silesia. In 1912/13 
the importations from Spam amounted to 1,200,000 tons. The produc- 
tion of sulphur tnoxide from gypsum^ may have been accomplished in 
an electric furnace, or hy the reaction with silica at a high temperature. 

It is no exaggeration to say that the part played by the chemical 
industries m assisting the allied nations to carry on the war has grown 
in greater proportion with the reconstruction of industry generally 
In. 1916 the imports of chemicals to the United Kingdom were valued 
at ^28,663,450, an increase of about ^69, 319, 450 over those of the 
previous year Exports were valued at j£27,676,840. The pyrites 
production is given as 10,535 tons for 1915 The number of works 
registered under the Alkali Acts is 137.2 in 1915 (1356 in 1914), of 
which 63 were alkali works. 


® CTim. Trade J , 1916 , 59 , 7 
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SuLPiiuKiG Acid 

• 

A considerable number of modified vitriol plants have been erected 
and many of these are now m operation There is little doubt that 
for all strengths above UCTw the unmodified chamber system will be 
supplanted by other types, but for the lower strengths the smaller 
initial outlay will count m favour of its continuance The working 
of tower systems demands an amount of skilled chemical control which 
has so far seldom been afforded to the chamber systems* The omission 
of scientific control has frequently so severely handicapped the older 
systems that results have not been of the highest possible order. The 
chief advantage of the chamber plant is the elasticity due to the fairly 
wide margins of working conditions, and it is probable, on this account, 
that installations in the future will be a combination oi a tower system 
with chambers, the latter to give the elasticity previously mentioned 
The proposal has been made to assist existing plant, both towei and 
chamber, by introducing contact units to enlarge the capacity of the 
system without increasing the number of chambers, and there seems to 
be much promise in such re-inforced methods. The water is of the 
opinion that *he introduction of methods of utilising nitrogen from the 
air or the oxidation of ammonia to produce the nitrous gases, will he an 
important feature of sulphuric acid manufacture in the near future. 
The increased use of the Cottrell precipitator,^ and the employment of 
concentrators of the Gilchrist type® are likely to exert a far-reaching 
influence throughout the chemical industry. 

An interesting method of producing sulphuric acid by the electrolytic 
oxidation of sulphur dioxide is described by Thompson ® A nickel 
cathode in an earthenware cup, which acts as diaphragm, containing 
sulphuric acid or sodium sulphite, is employed The anode of 
platinum gauze is immersed in a solution of sulphm dioxide kept at 
1-5% strength A current density of 0 0075 amp per sq. cm. causes a 
ready oxidation to sulphuric acid up to 95% oxidation with a high 
current efficiency even in strong solutions Tor a given concentration 
of sulphuric acid, the current efficiency decreases with increasing 
current density. Waggaman’s suggestion^ was referred to last year 
(Yol I, 111), and attention is drawn to the temperature contiolby 
w?ter cooling the sinuous tunnel conveying the Glover tower gases to 

Jmr M, Eng Chem , 1911, 3, 542, 1917, 9, 20, 1911, 1037, 191G, 1154, 

1917,134; C ?V, 1917,60, 6 
Eng Pat 105,998, J, 1916, 1015 

<> Mel and Chem 1916, 15, 677, J, 1917, 81 

7 US Dept Agnc, Bull 283, and Pat 1,185,029 (1916); J, 1916, 42 
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the first chamber A cylindrical chamhor is described by Harris and 
Thomas ^ Airangomeuts are made for diiecting sprays of weak acid or 
water on to an interior wall or cuitaiii, and on to a central column, 
extending nearly to the roof of the chamber, winch forms the outlet 
for the exit gases The inlet pipe is set tangentially. The tempera- 
ture is readily controlled In the last chamber the central column may 
be packed and thus caused to replace to some extent the absorption 
towers at the ei>d of the system Olivei^ achieves temperature control 
of the chambers by surrounding them with housings which form special 
air cavities through which natural or forced draught circulates The 
use of nitrating towers (12 x 4ft ) down which a nitre solution is caused 
to flow has been patented by Macadam and Walker.'*® The Ourtius 
(Duisbiug) system (Vol I, 110) is again referred to here with fuller 
detail The arrangement of the towers is given in the accompanying 
diagram 



4 5 


Alternative methods of working are as follows 

(A) No 8 is sprayed with Glover acid, and the product, with 
the acid from other towers, is taken to No. 1, where it is de-nitrated. 
Some of the de-nitrated acid is removed and conveyed to No 8 Acid 
flows between Nos 2 and 7, 3 and 6, 4 and 5, in both directions 

(B ) No 8 receives the Glover acid, and the product passes to Nos. 7, 
2, and 1, in succession, the acid from the other towers also to No 1, 
where de-mtration takes place Towers 3 and 6, and 4 and 5, work m 
a closed circuit. 

The recovery of acid in the Gay-Lussac exit gases by washing with 
water, which may then be used for sprays in the chambers, is the 
subject of Laufer’s patent.*^ The manufacture of vitriol from smelter 
gas has attained enormous proportions m the United States The 
Montana, the Anaconda, and the Garfield Cos use gas from McUougall 
furnaces roasting sulphide fines. The Tenessee and the Ducktown Cos. 

s Eng. Pats. 104,461 (1916) and 6026 (1915); J, 1917, 502. 

» U.S. Pat 1,229,316 (1917) , J., 1917, 872 
w Eng. Pat 103,877 (1916) , 1917, 385 

” Fr. Pat, 481,131 (1916) , J, 1917, 136. 
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utilise gas from blast tiiriiaces in which pyritie smelting of ores carrying 
30% of pynhotite, 6% of pyrite, and 8% of chalcopynte with the 
addition of 4-6% of coke is carried out The resulting gas is 
normally —Sulphur dioxide 8-9%, carbon dioxide 6-7%, carbon 
monoxide 0*8-1%, and nitrogen 84% , an is admitted at several points 
to avoid undue dilution of the sulphur dioxide The nitre consumption 
IS about 6-8%. Owing to impurities m the gases the chamber process 
IS used , 

The recovery and concentration of iitnol is the subject embodied m 
a number ot patents published during the year. In one taken out by 
the Armour Tertibser Works, acid is caused to trickle down an 
11 regular inclined surface so as to form pools and films, in an enclosed 
chamber and exposed to bot gases at the lower part. The hot gases 
are directed towards the surface of the acid by baffles Oliver^^ 
describes a concentrator which is likely to prove a highly efficient form 
of apparatus, better knou n perhaps as the “ Gilchrist ” concentrator 
Hot gases pass over the surface of the acid and then upwards through 
a tower down which acid is also flowing. The acid is agitated by air 
jets The object of the invention of Dreyfus^^ is to obtain a 

high percentage acid uitb simple apparatus of cast iron Sulphuric 
acid of about 92 % is further concentrated in a vessel consisting of an 
outer cylindrical cast-iron pan htted with a lid, and containing a series 
of concentric cylinders alternately supported by the pan and lid. The 
acid IS fed into the innermost space and passes alternately down and up 
to the outermost space, wfflich it leaves by an overflow pipe. 
Advantage is taken of the facts (a) that a 90-93% acid does not 
attack cast iron, {b) that in the concentration of vitriol the higher 
strengths are at the bottom, (c) that water is eliminated gradually, 
(d) that this gradual elimination is effected by extensive travel through 
many vessels The Huron^^' method consists m passing hot gases 
through horizontal flues above a senes of parallel channels containing 
the acid to be concentrated and then over the acid in the reverse 
direction The re-heating of the gases, hy contact with the hot flue 
above, is greatest at the exit. The arrangement affords the largest 
suiface of evaporation with the minimum speed of flow and the 
greatest volume of hot gases at the point where the acid is weakest 
With four channels concentration from 65/67 % up to 98 3 % was 

13 JSng and Min J, 1916, 102, 1121 , J, 1917, 133. 
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acliieyed. Kilroy^^ proposes to concentrate vitriol in a serie^ of towers, 
packed with refractory material and provided with a lead pan at the 
bottom The acid is sprayed into the hot gases The working 
principle of Skoglnnd’s^® apparatus is similar, the hot gases being 
caused to pass through a spray of acid. The weak acid is passed into 
one end of a container fitted with an arrangement for spraying by 
means of a suitable gas under pressure, and the stiong acid is drawn 
off at the other end of the vessel. Another form of concentrator, of 
rather complicated design, is best described as a vertical cascade It 
consists of super-imposed circular units each containing a shell, funnel, 
annular ring, and guard, the whole surrounded by the heating space 

The Soc. Anon Fabr de Soie Artificielle^o describe a multiple-effect 
design of plant for vitriol concentration The original patent must be 
consulted for the details. The invention i elates to the use of elements 
so arranged as to utilise as completely as possible the heat contained in 
the vapour produced, ivith the least possible disengagement of the 
sulphuric acid The idea is ingenious and might find use in certain 
cases, but the complexity of the apparatus must militate very strongly 
against its adoption in the majority of cases. ? 

A series of interesting details of the working of a tower plant for 
the production ot 93-97 Jo vitriol is given by Armstrong In 
practice, a tower packed with quartz, with an oil flame as the source of 
heat, required washing after ten days’ working. The quartz was found 
to have disintegrated considerably and only 63° B acid was produced, 
probably owing to the openness of the packing. Small quartz was 
added to make up for the shrinkage and loss, amounting in several 
months to the original quantity of packing. When working well, a 
temperature of 1200°-U00° F (650'’-760° C ) for the entering gas and 
580'’-290° F. (138°-143° C ) for the exit as was recorded, the suction 
being ’ inch at the top Should the exit temperature fall to 250° F 
very little 68° B. acid is produced; to remedy this the tower is cooled 
by weak acid and washed with water for twelve hours When the top 
temperature is too high (350°-360“ F ) owing to the packing being too 
-open, the suction at the top will be very small. The brick lining is 
cementc’l with silicate and “ silax ” cement. With 60,000 lb of 60° B 
.acid per 24 hours, the loss would be 2000-4000 lb of 60° B and 
59,000 lb. 66° B. produced; the balance of 9200 lb. 60° B is recovered 
in the scrubbers as 46° B. acid. The loss varies with the draught, 

17 u 8 Pat 1,21I,5W (1917) , /, 1917, 214 
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being smaMest when there is just enough pull to take the distillate from 
the towers 

Blowske^^ suggests recovering the waste acid from petroleum refining 
by diluting to free from tarry matter, followed by rapid distillation to 
minimise reduction by the organic matter 

The production of vitriol combined with the manufacture of cement 
is suggested by Basset A mixture of clay and material containing 
gypsum is heated sufficiently to form cement and gases containing 
sulphur dioxide The gaseous products mixed with air are passed over 
a catalyst of natural hydrated oxide of iron mixed with gypsum. 
The sulphur trioxide is removed and any unconverted dioxide absorbed 
in calcareous material smtahle for use in the production of cement. 
Dirks^^ proposes to produce ammonium sulphate by the action of 
ammonia and carbon dioxide on gypsum or anhydrite ; by treatment 
with phosphoric acid, sulphuric acid free from arsenic and selenium is 
obtained The residual ammonium phosphate on heating is converted 
into phosphoric acid and ammonia, which are thus recovered. 

The use of several catalytic agents has been claimed during the past 
year The Ellis Foster Co suggest as catalysts (a) active voluminous 
chromium oxide and an oxy-compound of an easily fusible heavy metal 
which IS capable of absorbing sulphur dioxide, acting also as a binding 
material for the chromium oxide without combining with it , (b) volu- 
minous chromium oxide and tin oxide, one being in excess of the 
amount necessary to form tin chromate A later patent-^' supplements 
the former Gases containing sulphur dioxide and oxygen are passed 
over tin chromate at the catalysing temperature. The sulphur trioxide 
is absorbed and the remaining gases again passed over the chromate. 
The catalyst must be free from fixed alkalis, Fahrenwald-^ suggests 
compounds of silver and vanadium in the place of platinum as a 
contact substance Palladium with silver, gold, tungsten, or 
molybdenum are also mentioned, alloys of the last two elements with 
the precious metals are even more efficient than platinum and its 
alloys. Kee and Wedge^s propose to assist the chamber process ^by 
exposing the gases from the Glover towers or at other points between 
the Glover and Gay-Lussac towers to an electric discharge. 

The question of the chamber process control lias been treated at 

2^ U S Pat 1,186.373 (1916), J, 1916, 839, 

2^ U S Pat 1,197,331 (1916) , J, 1916, 1058 
aer Pat 295,906 (1915), J, 1917, 646. 

^ U S. Pats. 1,204,141/2/3 , J., 1916, 1260, 

U S Pat. 1,227,044 (1917) ; J., 1917, 7lL 
27 Btdl Amer, Inst Mm Eng , J., 1917, 81. 

ITS Pat 1,220,752 (1917), J, 1917,547. 
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some length by Fairlie 2*’ His main conclusions may be summarised as 
follows .—With 9-10% of oxygen lu the burner gases, 6] -7] % ot 
sulphur dioxide should yield a 5 % exit Determinations of the total 
acids leaving the Glover tower are useful The temperatures should 
be noted at the front and back of the first chamber, and gauges should 
be furnished to show the speed of the gases. “Drips” should be 
compared with the bottom acid and both acids should be tested for 
strength and nitre content The acid circulation must be maintained 
by chute arrangements. The amount of sulphur dioxide leaving the 
last chamber should be 0 1-0*2 % and the oxygen 5 % or more Gay- 
Lussac tcmperatui'es to be OO^-lOO” F., the acid UO^Tw, the nitre 
should he estimated thrice daily, and exit tests should show 1 8-2 
grains A fan, between the absorbing towers, making 300-400 revs , 
is recommended With reduced chamber space the nitre in circulation 
must be raised, and this increases the wear and tear of the plant 

The determination by Ditz and Kanbauser^® of the solubility of lead 
sulphate in concentrated sulphuric acid is of interest The solubility 
increases slowly with the concentration up to 97 % HjSOi, then 
rapidly to 100 % From the maximum at 100 % the ^iirve falls to 
about 5 % trioxide, rises lapidly to 15% and less rapidly to 22 % 
free sulphur trioxide. 

A reference to the sampling of oleum^^ is of interest and bears out 
the experience of many works chemists When one litre ot oleum was 
left exposed for three hours in an 8 cm. dish, the surface sample gave 
6 % of free trioxide,’ the middle 28 %, the bottom 30 %, and after 
agitation 34 5, 36 5, 37*5, and 36 %. It is of the greatest importance to 
render the oleum homogeneous, a current of dry air being a satisfactory 
means of doing this A point frequently neglected in connection with 
the conveyance of materials in tank waggons is the colour of the paint. 
An observer^- has noted the rise of temperature under similar conditions 
of benzene tanks, variously coloured, with the folloinng results —Black 
54“, light grey 26 3°, white 22 5°, aluminium paint 20*5“, tin paint 
198°. 

The utilisation of nitre cake has been the subject matter of several 
communications to the technical journals Grossmann*^^ describes the 
steps by which caustic soda may he produced (cp. Vol 1,111) 

(1 ) 3Na2S04-hH2S0t4-2CaS03=2NaHS0,+ 2CaSOi + 2Na,BOi ; 
after the removal of the calcium sulphate, lime is added. 

J, 1917, 196 and 491 

^0 2. anorg, Chm , 1916, 98, 128 , 1917, 641. 

31 C,TJ., 1916, 59, 417. 32 1917^ @0^ 305 

33 Sng. Pat. 12,833 (1916) J, 1916, 1059. 
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(2.) 2JS[aHS03 + 2Na2SOi + Ca(0H)2 = Na^SOa + CaSOa + 

2 Na 2 S 04 + 2H20 

The calcium sulphite is remoYed and more lime added 

(3.) Na2S02 + CaSOa + 2Na2S04 + 2H2O + Ca(OH)2 = 2NaOH + 
2CaS03+2Na^S04+2H20, 

(2) and (3) may be combined, and heating or augmented pressure may 
be used. The calcium sulphite is removed, washed*, and used again. 
The caustic liquor is evaporated until the sodium sulphate crystallises 
out j after separation of this, further evaporation is necessary. Kerr^^ 
proposes to heat a mixture of two mols of nitre cake with one mol of 
magnesium chloride and a little water; hydrochloric acid is evolved and 
a mixture of soda and magnesium sulphite results According to 
Llewellyn and Spence^^ nitre cake and a reducing agent such as 25% iron 
pyrites aie caused to react in a closed agitator Sulphur and sulphur 
dioxide are evolved, sodium sulphate and iron oxide remaining , by 
employing metallic iron instead of the sulphide no free sulphur is 
produced and a steady stream of dioxide is obtained 

Grossmant^® suggests further interesting possibilities of working up 
nitre cake He finds that under certain conditions nitre cake, sodium 
nitrate, and carbon react practically quantitatively to produce, without 
frothing, nitrous gases at comparatively low temperatures The 
ingredients must he finely ground and intimately mixed, the carbon 
being in slight excess and a current of air passed. The gases might 
be passed directly to the chamber.s or towers instead of condensing 
them The residue could he utilised in the Leblanc revolver for caustic 
soda The carbon may be omitted. The grinding of nitre cake can 
be greatly facilitated by pouring the fused cake on to a thin layer of 
soda ash, and chilling, thus producing a spongy and friable mass. The 
soda ash may be mixed with sulphate and by so doing about is 
sufficient Other long papers dealing largely with this subject have 
appeared, notably that of Brownsdon suggesting its use as a pickle for 
annealed brass with recommendations for working,^' and of Kilbum 
Scott^® on the economy of acids m the metal trades. Further notes and 
experiences were contributed recently at the meeting of the Nottingham 
Section 

There are certain valid objections to the use of nitre cake in bleach- 
ing cotton fabrics, especially those reqmred for printmg.^*^ It cannot 

3 ^ US Pat 1,203,357 (1916); J., 1916, 1260. 

35 lug. Pat 103,689 (1916) ; J, 1917, 385. 

35 J., 1917, 1035 37 1917 ^ 575 « y , 1917, 812. 

39 J., 1917, 1216a. C 'tJ., 1916, 69, 392. 
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be used for alizarin as tlic lime boil is indispeiisablo, and probably not 
for light shades with direct and basic colours. There is undoubtedly 
much undue consei’Tatism amongst possible users of nitre cake, which 
doubtless hinders its more extended use, as does the nun-employment of 
chemically trained men m many branches of manufacture 

Hydrociilopjo Acid 

The manufacture of hydrochloric acid, by spraying a fused alkali 
chloride with sulphuric acid, or a mixture of this with air or steam, or 
sulphur dioxide and steam, is the object of a patent of the Salzwerk 
Hcilbronn.^^ Hydrochloric acid is liberated and the sulphate left as a 
fine powder. Clayton and Metals Eeseareh Co achieve the direct com- 
bination of hydrogen and chlorine by heating the moist gases, in the 
ratio of 10 7 to a temperature not below 340"C m the presence of wood 
charcoal. 


Nitric Acid. 

The enormous growth of the newer methods in the nitric acid 
industry may be gathered from the following statistics. At the end of 
1915 there were thirty installations of the Frank-Caro system producing 
about 100,000 tons per month , Pauling’s modification of the Cirkeland- 
Eyde plant at Muhlenstem producing 6000 tons per annum ; and about 
300,000 tons of ammonium sulphate was made by the Haber process. 
The Royal Waterfalls Board report the utilisation of 12,000 kw to 
produce 7000 tons of nitric acid and nitrates at Trolhattan by the 
Birkeland-Eyde plant • also a production of 6000 tons of carbide by the 
Kvina Carbide Co , by means of pow'cr from the Troelands waterfall 

The sodium nitrate production for the year ending June 30tb, 1917, 
was 70% in excess of that for the preceding year, but still below the 
pre-war figures A full account of the nitrate industry in Chili is 
given by Hobsbaum and Grigiom.'^^ The synthetic production of nitric 
acid has been the subject of several articles of considerable length to 
which the reader is referred. Attention may be called especially to 
that of Kilbiirn Scott, which is accompanied by many diagrams of types 
of arc furnaces, and that^if Maxted on the synthesis of ammonia and 
its oxidation to nitric acid*^® An attempt to compare costs of the 
catalytic oxidation of ammonia with those of the are process and from 
sodium nitrate is furnished by Zeisberg,^^ but the figures must be 

Oct Pat 295,074(1915), /, 1917, 503. 

« U 8 Pat 1,220,411 (1917) , J., 1917, 547. 

«J‘,]917,52 '>J, 1917,771 

Mel. and Ohm. Mng, 19JC, 16, 299, /, 1916, 1107. 


J, 1916, 1058. 
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regarded with reserve. It is concluded that the catalytic methods 
cannot compete with the other processes On equal yields of 97% 
nitric acid, the Ostwald would have, from the figures given, the advan- 
tage of about one farthing over the nitrate method, but according to 
the most trustworthy evidence, the conversion efficiency of the Ostwald 
process appears not to exceed 85%. The electric resistance of mixtures 
of oxygen and nitrogen may be diminished by addition of steam.^^ 
The oxides of nitrogen, to prevent dissociation, are coffied and passed 
on to a vessel containing sulphuric acid and water, air also being intro- 
duced. The direct use of nitrogen oxides from the Frank-Oaro 
process is not recommended owing to practical difficulties Petersen^^ 
describes a condenser plant of nine “Putzer’'touries, followed by three 
towers for the main condensers, as the most economical yet devised. 
The all-in cost for 1200 kilos nitric acid (1 33 sp gr.) per 24 hours is 
given as 0 6 mark per 100 kilos 

A series of five related patents by the Norsk Hydro-Elektrisk 
Kvaelstofaktieselskab illustrate some of the difficult points in the work- 
ing of the plant According to one patent, nitrogen compounds are 
produced by* are oxidation, which, as well as the absorption of the 
products, is effected in a closed system , finally a gas rich in argon is 
obtained. The accumulation of impunties is avoided by the withdraw^al 
of a portion from time to time. Another process avoids the necessity 
of lan air-tight system by working under a diminished pressure, and 
compensating for leakage by the withdrawal of a portion after absorp- 
tion. For plus pressures the system previously mentioned is used. 

Solutions of ammonium nitrate act as absorbers for both ammonia 
and nitrous gases^^; separate portions of the solution are saturated 
with each gas and then mixed to obtain a stronger neutral solution. 
By repeating the process concentrated solutions or crystals are finally 
obtained By dissolving a metal, capable of forming a nitrate, in dilute 
nitric acid and decomposing the salt with steam, oxides of nitrogen are 
produced; with the addition of air to form peroxide, nitric acid is 
obtained.^2 

The employment of sulphuric acid as the absorbing agent is also 
suggested The denitration of the concentrated acid containing the 

^SEaEim Fr Pat. 479,492 (1915), J", 1916, 1108 US Pat. 1,150,786 
(1915), /, 1915, 960 

« Met und En, 1916, 197 , Chem -Zeit , 1917, 41, J, 1917, 641. 

60 Pr Pat 480,205 (1915); J, 1917, 215. Eng Pat 100,099 (1916) ; J., 
1917, 214. 

61 Eng Pat. 101,090(1916) , J, 1917, 1007 
U S Pat. 1,236,662 (1917) , 7, 1917, 1017 

63 U.S. Pat. 1,197,295 (1916) , J, 1916, 1260 
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nitrous gases is effected in a tower containing atid-resistyig material, 
up which the vapour of GO/^ nitric acid and air is passing By conden- 
sing the exit gases fuming nitric acid is obtained, which may be 
decolorised by blowing with air. The sulphuric acid ot about 80% 
strength requires little concentration for further use as ahsoibing liquid 
for nitrous gases 

The Nemours Powder Co.’’’^ has also patented a similar method The 
nitric acid and a dehydrating agent, such as sulphuric acid, pass 
continuously into a chamber from which nitric acid is dni'en off bv 
steam from a boiling solution of the dehydrating agent, or from weak 
nitric acid previously concentrated by the process The diluted 
sulphuric acid is removed contniiiously, the nitric acid condensed, and 
any oxides ot nitrogen absorbed m water The Stolberg "Works 
employ the oxidation of ammonia (Frank-Oaro) m their vitriol 
chambers to replace nitre The ammonia is generated from 2;“) % liquoi 
liy distillation with lime, followed by purification by caustic soda 
from sulphuretted hydrogen, phenol, &c The vapour is passed over 
platinum gauze heated to 700 “0 by 125-150 amps at 20-25 volts The 
nitrous gases are introduced into the tunnel between they Glover tower 
and the first chamber or direct into the first chamber Flap valves are 
provided to prevent the poisoning of the platinum m case the fans stop 
It is likely that a device of British origin to accomplish the same 
intention will be in use in a short time 

The Badische Co have taken out a number of patents relating to 
the use of a variety of catalytic masses The bismuth or bismuth 
oxide may he replaced by tellurium or a tellurium compound in an 
amount which may he varied within wide limits, and upon a carrier 
of a noble metal or an indifferent substance. The following may be 
used as contact masses at 700 -800“C. : (1) Powdered firebrick soaked 
in 10-20% solution of platinic chloride and in a solution of about 10% 
ammonium or sodium tellurite (either separate or mixed) ; (2) a metal 
of the platinum group is deposited on a earner and then rendered 
active with a small amount of telliinum or tellurium compound , (3) 
granular cupric oxide is soaked in a 5% solution of ammonium tellurite 
and dried. 

A method of temperature control is described in a patent of the Ellis- 
Foster Co The hot mixture of ammonia and air is passed upwards 

5* US Pat. 1,197,167 (191G), /, 1916, 1068. 

® Mei md Urs, 1910, Jan 22 , C.TJ, 1916, 59 

-0 Eng. Pats. 7651, 13,297, 13,298, 13,299 (1915), 13,8i8 (1914); /, 1916, 
1008 and 1015 

U.S. Pat, 1,233,564 (1917) ; J, 1917, 1007 
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through a»coarse mass of catalyst, cooled by a mixture of air and 
ammonia in an embedded conduit The spent catalyst can be with 
drawn at the bottom of the chamber. 

A similar catalyst, platinum free from iridium, with controlled electrical 
heating, has been patented by Landis.®® Washburn'" passes a mixture 
of oxygen and ammonia over the catalyst at such a speed that the 
product contains nitrous gas and not more than 20 % of ammonia, thus 
producing a mixture of nitric acid and ammonium mtrate. By the 
addition of a further quantity of ammonia, ammonium nitrate is 
produced. Anderson®^ discusses the oxidation of ammonia according to 
the equation. 4IdHj + 702-4N02 + 6 H 20 . The velocity of this 
reaction is increased by suitalile catalysts The progress of the reaction 
is determined hy the eqmlibrium expressed by 41^^113 + 502=4^^0 + 
6 H 2 O. This IS exothermic, hence the higher the temperature the more 
ammonia remains unchanged when ec[uilibrium is established. In the 
presence of excess of oxygen oxidation is practically quantitative 
within a large temperature range. A mixture of air with 2 5-5% of 
ammonia at 500°~1000° (absolute), passed at such a speed that contact 
IS assured fet* 0 18-M5 second, is converted to the extent of 95 %. 
Any catalyst favourable to the reaction N 2 + 02 = 2 N 0 is unsiiited for 
ammonia synthesis. 

Ellis®^ employs silver molybdate as an oxidising catalyst of ammonia 
An account of the processes for the fixation of nitrogen and the appli- 
cation of these to the manufacture of a vaiiety of chemical substances 
and other industrial uses is given by Bucher 

AmMOxNIA. 

The production of ammonia from Mond gas is suggested by Perry,''® 
by passing the gas, or a mixture with steam, through iron pipes or 
through a furnace of iron or refractory containing coke or carbonaceous 
material at a temperature of 65f)°-700° C The ammonia is removed 
by sulphuric acid and the gas treated again. 

The combination of nitrogen and hydrogen under pressure to form 
ammonia was discovered by Chateher®^ in 1901,®' but owing to an 

58 US Pat. 1,193,796/1,193,800, J.. 1916, 963 

53 U.S. Pafc 1,217,247 (1917) , J, 1917, 303 

55 Zeit EleUmhm 1916, S2, 441 , J., 1917, 81. 

51 US Pafc. 1,237,884 (1917), J, 1917, 1094 

53 Amer Inst Ch&m , Jan , 1917 , Iout Ind Eng , 1917, 9,233, 

1917, 451. 

55 Eng. Pat. 103,118 (1916) , /, 1917, 215. 

« Comptes 2end , 1917, 164, 588, J, 1917, 545. 

55 Fr. Pat. 313,950 (1901). 
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explosion the method was abandoned. The process was brought to a 
successful issue by Haber m 1908. 

Ellis®® brings about the union of hydrogen and nitrogen by means of 
coconut charcoal carrying cerium and a small quantity of another base 
such as lanthanimi, didymium, or yttrium, capable of increasing the 
activity Classen®^ combines the employment of both silent and spark 
discharges, in addition to a catalyst Metals and alloys supported on 
acidic carriers,'are mentioned, silica from water-glass being especially 
suitable as it adsorbs colloidal metals such as gold, platinum, etc. The 
mixed gases are passed over a suitable catalyst between electrodes, one 
of which is a good conductor such as copper, the other a bad conductor 
such as glass or porcelain. The latter may be immersed m water and 
may concentrically surround the former, with the contact material 
between. The temperature may be 25°-90° C and pressure normal or 
above normal. A cyclic process is described by Thorssell.®® The 
residual barium formate produced in the decomposition of barium 
cyanide is treated with sodium carbonate to form barium carbonate and 
sodium formate The solution is evaporated in tacuo to obtain the salt 
which IS ultimately converted into sodium oxalate ' The barium 
carbonate is heated with coal and nitrogen to reproduce barium cyanide. 
The combination of hydrogen, nitrogen, and chlorine under the 
influence of a silent discharge is claimed by Mayer.®® Water or steam 
is injected to prevent reversal and to remove the products 
The use of magnesium sulphate m the production of ammonium 
sulphate is suggested by Precht.'^® By treatment of the magnesium 
salt with excess of ammonia, preferably under pressure, a double 
sulphate is produced which crystallises first on concentration, leaving 
nearly pure ammonium sulphate m solution. The douhlc salt on 
further treatment with ammoma yields ammonium sulphate and 
magnesia The production of ammonium sulphate from the sulphite 
is achieved, according to a patent of the Elektrizitatswerk Lonz.i,^^ by 
using calcium sulphate as an oxygen carrier. The calcium sulphite 
which is first formed is more readily oxidised than ammonium sulphite. 
The purification and neutralisation of ammonium sulphate is brought 
about by Capron^® by washing with a saturated neutral or alkaline 
solution of ammonia sulphate land “ jigging ” Ammonium hicarlionate 

U.S Pat 1,184,839 (1916), J, 1916, 737 
6? Eng Pat 14,055 (1915), J I9l7, 547 
Eng Pat, 292,218 (1915), /, 1916, 963 
Er Pat 480,232 (1915) , J, 1917, 137 
Ger. Pat. 2)2,218 (1915) j J.,1916, 839 
Eng Pat 105,906 (1917), /., 1917, 1093, 

'2 Eng Pat 108,990 (1916); J., 1917, 1093, 
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and sodium nitrate may be caused to react at 50“ 0. under pressure in 
the presence of a small amount of water. Eicard^® treats the mixed 
dry salt with hot water so as to dissolve the ammonium nitrate, which 
after refining is again washed with cold water to remove the sodium 
nitrate remaining in the product Hulin^‘‘ causes an aqueous solution 
of calcium nitrate (from the arc process) to react with ammonium 
sulphate at a temperature of 120° C or higher A discussion as to the 
relative merits of direct or indirect methods of ammonia recovery in 
coke-oven practice is contributed by Eiley.'^ The “ indirect ” method 
is stated to possess many disadvantages and no advantages. The 
semi-direct system of Koppers does not give rise to naphthalene 
troubles, the risk of ammoma losses is lessened, the emuent reduced in 
quantity owing to the smaller steam consumption, the sulphate is of 
better quality, and the process is simpler and more efficient. The 
“ direct ” method requires more power, involving more wear and tear, 
and produces a thicker and more troublesome tar 

Hydrogen 

An article*by Barnitz'^ contains a full summary of the Messerschmitt 
process and a comparison with other processes for the production of 
hydrogen Eeference may be made here to two patents of interest in 
the technical production of this gas Maxted and Eidsdale'^ draw 
attention to the fact that hydrogen produced by passing steam over 
iron prepared from its oxide by reduction in water-gas or other 
commercial reducing gas, contains a considerable quantity of carbon 
monoxide To obtain hydrogen free from this contamination, a gas 
containing substantially more carbon dioxide than monoxide is used to 
reduce the oxide of iron Dilution of the gas by nitrogen must be 
avoided The carbon dioxide prevents the otherwise unavoidable 
deposit of carlion during the reduction, and therefore there is no carbon 
monoxide in the hydrogen produced by passing the steam over the 
heated iron The Badische Co.^® mamtain that contact masses of 
pumice saturated with solutions of nickel or cobalt chlorides are not 
suitable for the reaction C0-t-H20 = C02-l-H2, good yields however 
are afforded by using relatively small quantities of solutions of nickel 
salts free from halogens and sulphur The method of producing 

Fi Pat. 480,082 (191.5), 1917, 137. 

Fr Pat 480,150 (1915) , 1917, 137. 

cr/, 1916, 58, 166 

Met mrl Chem Bng, 1916, 15, 494, J, 1916, 1137 
“ Eng Pat 12,698 (1915) , J, 1916, 1( 60 
eer, Pats. 297,258 and 292,615 (1914), 1917, 873. 
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hydrogen by the decomposition of 'water under pressure is of interest 
Expel imental apparatus was filled ’v\itli non powder, water, and 
some electrolyte By heating, hydrogen was piodiieed under 300 
atmos pressure, thus avoiding the use of special compressing plant. 
The gas is stated to he purer than any other kind directly olitainable. 

Lime, etc 

Magis^*^ describes a kiln-shaft for the burning of limestone The 
kiln is enlarged in the middle and is provided with a pipe or chimney 
dipping into the shaft at the top Damp fuel is used, the steam 
produced and the draught carrying away the combustion products A 
more elaboiate device is proposed by Zimmcrmanii and Palmer®^ 
A stack, with feed, combustion, and discharge zones, has a number of 
gas inlets around the surface of the inner wall on a level ivitli the 
burning zone and a number of air inlets entering the discliaige zone. 
The air and gas inlets are defiuitoly spaced and not in vortical 
alinonient. The comhiistion and discharge zones are preferably divided 
into chambers m which the gas and the mam portion of the air are 
introduced, further air may be admitted at the h(/Aom of the 
discharge zone. The efiect of exposure upon commercial lime has 
been studied by Wlietzel®^ Comparative tests showed that carbon 
dioxide penetrated to a depth of about three inches in twenty days. 
More water was taken up m summer than in winter, but the carbon 
dioxide absorption was about the same Thin layers appear to protect 
the remainder A mechanical slaker is the subject of a patent of 
Schofield.®® 

Huber and Poindexter®^ propose to reduce alkalinc-carth sulphates 
such as stiontmm sulphate by heating to 1200‘’-1300'’ C. m a reducing 
flame. The sulphide thus produced is subjected whilst still hot to 
superheated steam The process may be made continuous in a 
revolving furnace, the sulphuretted hydrogen of the second stage being 
used in the first Wells®^ states that the reduction of heavy spar with 
carbon or hydrocarbons is too slow for commercial purposes at 750° C. 
Maximum yields are obtained at I000°-U00'’ C., and the best results 
with 15-16 % carbon in muffles The water-soluble sulphide amounted 

J. Amer Soc. Mech lE»g ^ € TJ, 1916, 58, 4 
Eug Pat 100, 4Z7 (1915), /, 1916, 7^7 
81 U S Pat 1,199,856 (1916) , J, 1917, 31 
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to 96 % at^ 1050° and 99 % at 1150° C. compared with 85-87 % in 
direct-fired furnaces A high temperature with rapid reduction is 
superior to more prolonged heating at a lower temperature. 

Thiosulphate and Hydrosulphite, etc. 

Hutchins, Hargreaves, and Dunninghamso describe a method for the 
production of thiosulphate from sodium sulphite and sulphur, in which 
the sulphur and the water used are so proportioned lhat a solution 
capable of crystallisation without evaporation is obtained. The process 
may be made continuous by passing a hot solution of the sulphite 
through an intimate mixture of solid sulphite and sulphui*. The 
reaction may be accelerated by adding about 1 % by vol. of a hydroxide 
or sulphide ot alkali or alkaline earth metals, any excess of sulphide or 
polysulphide being removed by sulphur dioxide or bisulphite. 
Hydrated carbonates or mixtures of anhydrous and hydrated carbonates 
with sulphur dioxide or sodium bisulphite may be used Furnaces 
for the production of sulphur dioxide free fiom oxygen are described 
by Deschamps®' and by Pictet 

Sodium bisalphite may be precipitated from a saturated solution by 
sodium chloride or hydrochloric acid, this procedure is the subject of 
a patent by Setlik^^ An alternative method is also given by the 
addition of finely ground bisulphate to normal sulphite followed by 
washing out the sulphate with a saturated solution of bisulphite. 
Hutchins, Hargreaves, and Dunningham^® produce sodium bisulphite by 
the action of sulphur dioxide on hydrated sodium carbonate. The gas 
is freed from oxygen and tnoxide by hydroxides or carbonates of alkali 
or alkaline-earth metals and passed into a tower containing the 
carbonate. The carbon dioxide generated converts the upper layers 
into bicarbonate. Monohydrated carbonate or a mixture of anhydrous 
carbonate and decahydrate may be used, or, if strong solutions are 
preferred to the solid, the decahydrate alone 

Per-salts, etc 

The growing interest m the apphcation and consequently the 
production of per-salts justifies a short section in this report The 
Deutsche Gold- u. Silber-Scheide Anstalt'^^ propose to prepare sodium 
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perborate from granulated borax by electrolysis in a solution of alkali 
carbonates, till tbe whole is converted to crystals of perborate. Iron 
acts as a retarding catalyst but the harmful effects are removed by a 
protective catalyst, such as stannic acid, sodium perborate itself, or 
sodium bicaibonate A further patent'*^ by the same firm states that 
the cathode may be composed of such metals as lead, iron, nickel, copper, 
or carbon, which alone or as compounds have a decomposing action on 
perborate Except in the case of nickel, the cathode at the surface of 
the liquid must be protected by a coating such as platinum, varnish, or 
rubber solution. Aschkenasi'*® suggests the drying of per-salts prepared 
wwito, in air at 100'“, thus improving the stability of the salts and 
avoiding the evolution of oxygen. Schaidhauf’^ stabilises per-salts by 
adding silicate and gum arabic during manufacture. Henkel und Co 
have patented the preparation of sodium pei carbonate, 2Na2C03,3H202, 
by treating sodium carbonate with hydrogen peroxide, in the propoitions 
indicated by the formula, at 0"C , followed by drying in wcuo A 
similar method is suggested by Liebknecht,®® who causes the reaction to 
take place in the piosence of a restricted proportion of water The per- 
carbonate is salted out with sodium chloride and magnesium silicate 
added as a stabiliser. Hydrogen peroxide is produced by Cobollis^^ 
by heating a solution of ammonium persulphate and bisulphate. The 
process is made continuous by electrolysing a solution of ammonium 
sulphate at comparatively low temperatures to form the pcr-salt, heating 
under piessuro to form sulphate and hydrogen peroxide which is 
subsequently distilled off under diminished pressure in a current of 
inert gas L’Air Liquide^® propose to prepare strong solutions of 
hydrogen peroxide from impure solutions of it hy distillation 
under reduced pressure, more concentrated solutions being added 
during the distillation The Soc Chem. Ind in Basle'^® produce 
a solid containing 27% of peroxide by causing three molecules of 
hydrogen pero.xide to react with one of sodium pyrophosphate. An 
interesting class ot substances — ozonates— is obtained liy Traube^'^'^ 
by the mtci action of ozone and alkali hydroxides 


Eiig Rit 100,152 (191G) , 1916, 1201 

® Ger Pat 296,888 (1015) , J, 1917, 872 
U S Pat 1,325,872 (1917), J, 1917, 712 
Eng Pat 100,997 (1916) ; J, 1916, 9b3 
US Pat 1,225,832 (1917) , /, 1917, 712 
'■>7 US Pat 1,195,560 (1916) , J, 1916, 1059 
“s Fr Pat 478,167 (1914), 1916, 1156 

Eng Pat 15,749(1915), /, 1916, 1015 
iw 1916, 49 , 1670 , /, 1916, 1015 
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^ Hypochlorites, Bleaching Powder, etc 

Haworth and Irvme^^^ produce a liquid containing about 2^ 
of hypochloroiis acid by passing chlorine into water containing 
a catalyst, preferably a salt or oxide of copper, but nickel or cobalt may 
be used The liquid may be freed from copper by precipitation or by 
distilling off the acid Paust^'^- prepares a saturated solution of 
chlorine continuously by introducing the gas and water separately into 
the space between the two cylinders of an apparatus ffonsistmg of an 
inner cylinder, with blades projecting outwards, rotating within 
an outer cylinder provided with freely swinging plates attached to the 
inner wall, so arranged that the blades come into contact with the 
swinging plates. Elledge^®^ makes the observation that the pink 
coloration of sodium hypochlorite solutions prepared from bleaching 
powder and sesqiiicarbonate is due to manganese and not ferrate If 
carbonate or sulphate is used, green solutions becoming pink with 
bicarbonate are produced Whitehouse^^'^ suggests the preparation of 
phosgene by passing carbon monoxide into liquid chlorine at , tempera- 
tures below -34° G 

Schutz^®^ ci)mpares the relative efficiencies of absorbing chambers 
and mechanical apparatus for the manufacture of bleaching powder 
The chamber process is less healthy for the workers and requires more 
labour and space than the mechanical process, hut the latter requires 
more skilled supervision Tor 20 tons per 24 hours four chambers 
require for filling and emptying, 6 men and one boy, the 'equivalent 
capacity in mechanical cylinders, 5 men and one boy. The chamber 
area, 2400 sq metres, mechamcal plant, 250 The capital kost is 
probably in favour of the mechanical type Dry chlorine is especially 
essential for cylinders and the carbon dioxide must be reduced to a few 
tenths per cent Dehydration by cooling to 0° 0 has not been found 
satisfactory Dor 20 tons per 24 hours a tower, 10 x 2m , is^required, 
the water content being gauged by the tower temperatures. The view 
IS expressed that mechanical plant will eventually supersede ^tlie 
absorption chamber system Ishikawa^®^' manufactures bleaching 
powder in inclined tubes, chlorine being fed in at the bottom "and hme 
at the top, the solids being conveyed by scrapers. 

Iodine IS obtained from green seaweed by Vincent^*^^ by extraction 

Eng Pat 13912 (1915), J, 1916, 1059. 

Gler Pat 293724 (1916), J, 1916, 1156 
Jour Ind Eng Ohem , 1911, 8, 780, 1916, 1013 

US Pat 1231226 (1917) , 1917, 926 

Chem -Zeit, 1917, 41, 137, 1917, 546 
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With alummiiim sulphate dissolved in sea water, which extracts the 
alkali iodides and leaves gelatinous organic matter as a residue The 
solution on treatment with copper sulphate and sulphurous acid or 
sulphites, yields copper iodide 


SULPHUK 

Urbasch^^® obtains sulphui from pyntes or spent oxide by distillation 
in a vertical retort, externally heated by producer gas, the oxygen-free 
products being conducted through the charge The residue may be 
roasted, to yield the rest of the sulphur as sulphur dioxide, in a muffle 
below the retort 


Grapiutk and Caubide 

Graphite may be prepared, accoi ding to Messov fiom the waste 
lyes of cellulose manufacture by mixing them with oxides such as ferric 
oxide and with calcium phosphate, and exposing the mixtiue to a high 
temperature and very high pressure The graphite so pioduced is 
converted into flake graphite by means of hot rolls Donath^^*^ purifies 
graphite by heating with zinc m the absence of air, or hy treatment 
with permanganate and caustic soda, followed hy extraction with hot 
hydrochloric acid and v ashing vith vater. Lang^^^ considers that 
caustic soda in this connection may cause change m the constitution 
of the graphite and prefers hydiochlonc and hydrofluoric acids A 
product designated “ Expanded graphite ” is prepared by Aylsworth^^- 
by covering hake graphite with an oxidising agent to produce a him of 
graphitic acid, then strongly heating so as to cause the particles to 
become distended like the leaves of a book The Abdy Factories and 
Hylland^^^ describe an intermediate product in the manufacture of 
calcium carbide obtained by coking a mixture of lime or limestone and 
caking coal at temperatures above 700" C The product has poverfiil 
reacting properties and does not crumble or powder. 

Potash Salts. 

The vigorous search for sources of salts of potassium still continues. 
The report that rich deposits had been found near Motembo in Cuba, 
appears to have been grossly exaggerated, if not actually fraudulent 

W8‘Ger Pat 294912 (1916) 5 1917, 503. 

Ger Pat 297075 (1915), /, 1917, 873. 

Chm.-Zeit, 1916, 40, 579, /, 1916, 838. 

1916, 1259 

“2 IF S. Pafc. 1191383 (1916) , J., 1916, 927 
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The deposits were stated to contain up to 40 % of KoO, but the Cuban 
Government found the highest reasonable result of the examination of 
thirteen samples to he only 051 two samples appeared to have 
been liberally doped with potassium sulphate. Hutchinson^^® draws 
attention to the following considerations of the natural saltpetre 
industry (1) The present sources are not fully utilised ^ (2) artificial 
nitre-beds would probably be useful in Bihar owing to the suitable 
conditions , (3) present methods require investigation *to improve the 
recovery and the conditions of trade. 

The conditions of the equilibrium KCl-l-NaNOai^KNOa + NaCl 
have been studied by Eeinders In practice a slight excess of sodium 
nitrate is desirable, and after heating to 100° C and removing the 
sodium chloride, the addition of water prevents the separation of 
further salt and saves subsequent washing Miyama states that the 
cost of potassium chloride from seaweed is less than £4 per ton, and 
notes that some are rich (0 6 % on dry weight) in iodine bTishimura^^® 
gives the annual production of bittern in Japan as 240,000 tons, the 
composition being magnesium chloride 12-20 %, potassium chloride 

magnesium bromide magnesium sulphate 6-7^%, 

sodium chloride 3-8 % As much as 80 % of the potassium chloride 
can be recovered as 80 % muriate 

The suggestions for the manufacture and recovery of potash salts 
may be conveniently divided into three mam groups according to the 
class of raw material employed (1) Rocks such as felspars, leucite, 
alunite. (2) Lake and sea waters and waste lyes (3) Tine dusts, etc 
Neumann and Draishach^'® from laboratory results recommend equal 
quantities of ground felspar, lime, and calcium chloride as the best 
mixture, affording a 95 % recovery of the potash after heating for three 
hours at 650° C. They contrast this with Cushman method, which 
produced 47J% m 1-| hours at 750° C The economical aspect of 
potash extraction from kelp, alunite, felspar, etc., is discussed and the 
conclusion arrived at is that none of these processes will be able 
to compete successfully with the German industry. Schroeder^^^ states 
that up to nearly 80 % of the potash may he extracted from finely 
ground leucite by sulphurous acid. The supply of leucite is enormous 

J, 1916, 1154 
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Zeif morg. Chem , 1915, 93 , 202 , 1916, 1058. 
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and the utilisation of the sulphurous gases from smelting works is* 
suggested lor the treatment. Other reagents suggested lor recover- 
ing the potash from felspars are- (a) bisulphate with a fluoride 
hy Bassettd"" (h) caustic soda hy Fraser, Holland, and Miller,^-’-' 
(c) lime with water under steam pressure, extracting about 90 % at 
10-15 atmospheres.^--*^ lihodiid-'' decomposes a mixture of ground- 
felspar and salt by passing sulphur dioxide, steam, and air over the 
heated material; Sulphuric acid is condensed and the residues leached 
for soluble potash, the insoluble portion being used for cement 
Charlton and Kaolin Products Corp^-*’ propose to digest alkaline 
material such as glauconite with a solution of calcium chloride and 
milk of lime at a temperatiue below 190“ C. at pressures below 2001b. 
tor 2-1 hours, to produce a solution of potassium chloride. An account 
01 a large scale investigation is given hy Benham A mixture (110 
tons) of felspar, coal, calcium chloride, and limestone was heated m a 
blast furnace. Some potassium chloride volatilised at 900" C but the 
reaction was not complete till 1600° C The chloride passed to a 
condenser and there met a current of steam and 90 % was obtained in a 
high state of puiity on evaporation The slag was moulcied into pipes, 
tiles, and pai mg bricks It is stated that the process may be adapted 
to utilise cement marls and either rotary or blast furnaces of a certain 
type may be used. ChappelB-® heats alunite m a reducing atmosphere 
at 650°-1000“ C , the sulphur is recovoied and the potassium sulphate 
and alumina separated from the residue. 

Wrinkle, Keeler, and Wattersotf-'* propose bo treat waters containing 
sodium chloride, sulphate, and carbonate, as well as potassium chloride, 
with carbon dioxide to produce sufficient bicarbonate to form 
Na2C03,KaH003,2H20 (“urao”), which is removed as such after 
evaporation, and sodium chloride and sulphate at a later stage. The 
potassium chloride is obtained from the mother liquor hy cooling and 
crystallisation H draws attention to the fact that on agitating 
waste lyes containing potassium and magnesium sulphates with finely 
ground anhydrous calcium sulphate, some syngenite, K2S04,CaS04,H20, 
is formed, but even after 34 hours only about half the soluble sulphate 

122 TIS Pat 1194464(1916); J', 1916, 1016 
122 11.8 Pat 1196734 (1916) , J, 1916, 1039 
12^ Eoss J Ind. Eng. Clem , 1917, 9, 467, /, 1917, 642 
U.S Pat 1232677 (1917), 1917,1008 

128 U S. Pat. 1234626 (1917) ; 1917, 1008. 

■‘*1 Canadian Clem. Jour., May, 1917, Met. and Clem Eng., 1917, 16, 704, J., 
1917, 960 

128 U S. Pat 1195655 (1916) , 1916, 1016. 

122 TJ S Pat. 1184806 (1916) ; J, 1916, 839 
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is precipitated. The process for remoral of sulphates from waste Ijes 
by calcium chloride was investigated 40 years ago by Schwarz, who 
showed that gypsum and not syngenite was precipitated in the case of 
magnesium chloride liquors. 

Bassett and Spar Chem Co describe a lengthy and complicated 
method of procedure to separate sodium and potassium sulphates from 
solutions containing 90 % of the former and 10 % of the latter. The 
description should be accompanied by a “ flow sheet for clearness, 
otherwise difficulty arises in following out the necessary steps m the 
•cyclic process which is the object of the patent Manzella^-^- describes 
the utilisation of the mother liquors of marine salt woiks as a source 
of potassium salts The Sicilian salt ivorks produce annually about 
167,000 cubic metres of mother liquors which are available for the 
production of bromine and potassium salts An interesting group of 
patents by the Solvay Process Co is mentioned here, as they afford 
excellent illustrations of the mode of solving difficult problems of the 
separation of soluble salts Magnesium and potassium chlorides are 
separated from brine by evaporation at low temperatures until 
saturated with respect to potassium chloride, the sodium chloride is 
removed, and by further evaporation at a high temperature the solution 
becomes saturated with regard to the potassium but not wuth regard to 
the magnesium chloride On cooling potassium chloride separates To 
recover the magnesium chloride evaporation at a high temperature is 
employed and carnallite is removed, the remaining fused product 
consists of 48 % magnesium chloride and 52 % water The potassium 
chloride is removed from the carnallite by dissolving the magnesium 
salt m liquid saturated with respect to the potassium but not to the 
magnesium chlorides The process may be carried out by causing the 
fractional crystallisation to take place in a senes of vessels maintained 
at increasing temperatures, the solution circulating from the vessel of 
highest temperature to that of the loivest, and the salts being 
transferred in tbe opposite direction. The final products are thus 
produced at each end The treatment of natural alkali deposits to 
separate the various constituents, including the potash, is also 
described 

Cranfield^^^ gives the total aeid-soluhle potash in twelve typical 
samples of blast furnace dust as 2 97-15 89 % and the water-soluble 
potash as 1 23-9 25 %, the salt from the a({ueous extract showing 
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39 74-41 84 % As a result of the employment of the Cottrell 
precipitator practically the whole of the potash in blast furnace dust 
can be obtained; this “dry cleaning” method may lead to the 
reclamation of many thousands of tons of potash now lost 

Huber and others^®” suggest leaching out the potash salts from 
cement kiln flue dust at temperatures above 85° C. to prevent the 
formation of CaSOijKaSO^jHaO 

TreanoH®*^ points out that the potash content of clays and shales 
suitable for cement manufacture vanes up to 2 5 % A process to 
increase the production of potash from the clinker has been devised. 
By the addition of 0 8 % of fluorspar for every 1 % of KoO the 
resulting potassium fluoride is readily volatilised, but is converted into 
sulphate by the oxides of sulphur in the combustion gases The 
hydrofluoric acid is neutralised by the lime compounds present in the 
dust, re-forming calcium fluoride, and after leaching at a minimum 
temperature of 85° C , the filter-cake is returned to the kiln In this 
way 90 % of the orginal potash is volatilised, of which 80 % is caught 
in the dust collectors The yield is reduced a further 5 % in the 
leaching process. At Hagerstown,^^^ 20-35 tons of dilst containing 
6-10 % of potash IS reclaimed every 24 hours by a Cottrell precipitator 
working in conjunction with cement kilns. 

Zinc and Lead Compounds 

The extraction of zinc is in many cases a “chemical ” rather than a 
metallurgical process, and hence is included in this section The Metal 
Eecovery Co.^^® describe the treatment of an ore containing zinc and 
lead sulphides which, after admixture of iron ore, is ground in the 
presence of concentrated zinc sulphate liquor The sands are roasted 
to produce zinc sulphate, and if the iron content is low iron oxide from 
a previous roast is added to the charge to accelerate the formation of 
sulphur tnoxide and thus increase the zinc sulphate content. The 
roasted and partially cooled material is extracted with dilute sulphuric 
acid to dissolve the basic zinc sulphate and zinc oxide The iron in 
the leaching liquor is removed by adding zinc oxide and blowing with 
hot air The precipitated iron oxide helps to bind the residual lead 
ore and improve it for further blast furnace treatment. If there is 
much iron present m the ore, excess of acid is used in the leaching, the 
iron is oxidised and unroasted slimes added and stirred in 

Fe 2 (S 04 ) 3 + ZnS = 2 FeS 04 + ZnSOi + S. 

U S Pat 1220989 (1917) ; /, 1917, 603 

Md and Chem Bng , 1917, 16 , 701 , J, 1917, 961 

J, 1917, 327 iss Eng. Pat 12799 (1915), 1916, 1260. 
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This reaction is carried oat under a pressure of |-1 atmos. in presence 
of excess of zinc sulphide. The zinc sulphate liquor may be evaporated 
and the residue roasted and extracted with dilute acid to eliminate iron, 
or treated with more acid and evaporated for zinc sulphate crystals. 
The mother liquor, rich m iron, may be used for treating more slimes, 
or purified from iron by the zinc oxide contained in the sulphated 
roast. T errans^^^ prepares zinc sulphate from roasted and desulphurised 
ore by treatment with sulphur dioxide from the roasfeng of sulphide 
ore The sulphite is converted into sulphate by treatment with moist 
air The processes may by combined A paper of considerable length 
IS contiibuted by Eidge^^** upon the utilisation of the sulphur contents 
of zinc ore The description contains many illustrations, and the 
history of furnace development relative to this subject 
The Patent Corporation and Thompson^'^^ propose to produce a 
litharge particularly suitable for white lead manufacture, by spraying 
molten lead into a stream of hot air, impinging at light angles, whereby 
the whole is oxidised The heat of the dust-cooling chamber beats the 
air for the spray, and that from the melting pot the pipe to the 
atomiser « 


ALUMiNirii Compounds 

The number of references to these compounds has been large, 
consisting mainly of patents for aluminates, nitride, and nitrogenous 
products taken out by the Mineral Products Corporation of New York. 
Other patents with points of more general interest are included under 
this heading Llewellyn and Spence^^- propose the purification of 
crude aluminium salphats prepared from bauxite and sulphuric acid by 
treatment under certain conditions with sodium, potassium, or 
ammonium salts, to precipitate the mon as a basic salt Ramsay and 
Lowe^-^^ treat the residues from bauxite, after the removal of most of 
the alumina, with wet or dry carbon dioxide, to render both the alumina 
and soda soluble. Tone and the Carborundum describe the 
preparation of crystalline fused alumina for abrasive purposes Bauxite, 
with or without the addition of carbon, is heated in an electric furnace 
to a temperature much above the melting point, and run off into a 
mould, the solid product is ground and consists of crystals of alumina, 

Er Pat 480499 (1915) , J, 1917, 137 
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mainly 0 1—0 3 mm , and a uniformly distributed “ residwal basis ” 
composed mainly of compounds of titanium, iron, and silicon. 

Titanium Compounds 

References under this beading are of great interest owing to tlie far- 
reacbing effects which success in the utilisation of the enormous deposits 
of titaniferous ipaterial, hitherto almost useless, would have on the iron 
industries. Rossi and Titanium Alloy Manufacturing Co propose to 
fuse ilmenite with sodium bisulphate, boil with water and acid until the 
titanium dioxide is dissolved, filter off the insoluble matter and boil 
again to precipitate the titanium From the number of patents^^*^ 
taken out by the Company with a view to improvements in the method 
of working titaniferous material, the problem ivoiild appear to be a 
difficult one, a fact which many investigators in this field will heartily 
substantiate. 

The “ National Tidonde ” reports that titanium ore is being worked 
at Fredenkstad 


Radium, Argon, etc 

Schliindt^^' extracts 90 % of the radium of low grade carnotite ore, 
containing 4 88 parts per billion, by sulphuric acid of 78% or over. 
Vanadium and uranium require 35 % acid for extraction High-grade 
ore with 42*78 parts per billion was also successfully treated The 
temperature appears to he of far less importance than the concentration 
of the acid. The use of cohalticyamdes for the separation of yttrium 
from erbium, or the resolution of mixtures containing dysprosium, 
holmium, and yttrium, with traces of erbium, terbium, and neodymium, 
IS recommended Speter^^'* separates scandium from other rare 
earths by precipitation as an insoluble hypopliospliate, which is then 
decomposed by sulphuric acid and. the scandium precipitated as oxalate 
Browning and Spencer’ ’’** describe the separation of caesium and 
rubidium by the fractional ciystallisation of the iron and aluminium 
alums Grant and Jones’^^ decide that the fractional precipitation of 

W5 US Pat 1184131 (1916) , J., 1916, 738 
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the earths -1 of the yttrium group by ferricyamdes is the most rapid 
method yet known The double oxalates and the methyl-, ethyl-, and 
triethylamine methods have been examined, but are not suitable for the 
fractional crystallisation of this group 

Argon IS obtained by Tilippo and others^^i ] 3 j -passing cooled 
compressed air downwards through a rectifying column and bath of 
boiling oxygen at the base. The liquid air flows over to the higher 
part of the column, the interior of which consists of an"* inner chamber 
with draw-off cocks at different levels In this the mixture is separated 
into purer oxygen and a rich argon mixture which can be used for 
eleetiic lamps. Tonda and General Electric produce a liquid 
with 9-1:% oxygen and 4% argon, and fractionate it on the counter- 
current principle in such a manner that argon is removed at the top 
and oxygen at the bottom of the apparatus 

Acetic, Formic, and Oxalic Acids 

Harburger Chem Werke"^^* suggest the concentration of dilute acetic 
acid by mixii^ with potassium acetate so as to form double compounds 
which may be separated, and the acid recovered by distillation The 
potassium acetate may be partially replaced by other dehydrating salts, 
such as calcium chloride. A new form of decomposing unit for acetates 
is described, m which a mixture of acetate and sulphuric acid is fed 
on to the surface of a rotating drum and the solid products removed by 
a scraper 

The Holzverkohlungs Act Ges and also Gorhan^^^ have patented 
a method of much interest for producing a purified acetic acid To a 
mixture of about equal parts of crude acetic acid and 70 % sulphuric 
acid at a temperature of 130“ C, crude acid is continuously added to 
replace the purified acid which is distilled off A certain proportion of 
water must be maintained to prevent the destruction of the acetic acid 
by the sulphuric acid Concentrated aqueous solutions of soluble 
sulphates may be employed as diluents instead of water Zinkeisen 
and Fore Chemical Works^^® suggest the removal of organic impurities 
from crude calcium acetate by boiling with a mixture of lime, iron salt, 
and a bleaching agent. A rapid process for the complete oxidation of 

1-2 Eng Pat 101860 (1916) , J, 1917, 32. 
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acetaldehyde by air or oxygen is described by the B.idi;<che Oo 
The catalysts suggested are iron salts and the organic salts of alkalis or 
alkaline-earths, inclucbng those of aluminium and magnesium Hibliert 
and Union Carbide produce acetic acid by the oxidation of 
acetaldehyde in the presence of wood charcoal saturated with strong 
acid Katz and Ovitz^®! prepare formates from caustic alkali solutions 
by the action of carbon monoxide and volatile alkali such as ammonia 
A descending sUeam of the caustic alkali meets the ascending gases in a 
closed vessel at 10-20 atmos and 150“-200'’ C. The conditions of the 
production of hydrogen from calcium formate have been investigated 
by Levi and Piva^''^ In the presence of steam, caibon monoxide acts 
on slaked lime to produce formate at 250'’-300‘’ C , and carbonate and 
hydrogen above 300° G , the reaction is slower than vitli caustic soda. 
At 500'’-600“ the foimation of hydrogen is almost quantitative if water 
is present In the presence of even small quantities of caustic soda it 
is possible to obtain a 50 % yield of hydrogen at 300° Tiro patents^*’® 
by Portheim relate to the production of oxalic acid from sugar or other 
carbohydrates hy means of nitiogen oxides Either molybdenum or 
vanadium or both may he employed as catalyst Overheating of the 
materials is avoided by a preliminary treatment with the gases, and 
temperatuie regulation is achieved by regulating the rate of flow 
Thorssell and Lunden^^^ manufacture oxalic acid fioni sodium oxalate 
containing sodium carbonate and hydroxide by treatment with a 
solution of sodium bisulphate and sulphuric acid to produce sodium 
oxalate and sulphate The acid oxalate is then washed with water and 
treated with sulphuric acid to produce oxalic acid and a solution of 
bisulphate and sulphuric acid for further use with the crude oxalate 
Dugan^*^^ obtains sodium or other oxalate by spraying the metal into a 
pebble mill in which a heated atmosphere of carbon dioxide is main- 
tained A possible use for the waste hquor from paper pulp is suggested 
by Eeed After drying, 100 parts of the residue is mixed with 300 
parts of concentrated nitric acid and the temperature maintained at 
95° C After removal of the excess of nitric acid and water by heat, 
the oxalic acid is recovered by crystallisation The actual mechanism 
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of the foriD^tion of oxalates from formates is not known with certainty ; 
the following suggestions have been made 

2HC00Na=C204Na2+H2 at 440=>C, 
SHCOONa^NasCOs + CO+Ho at 3G0”C, 

and the doubtful reaction •— 

Na^COa + CO^CaOiNa.,, 

which is perhaps the expression of the Goldschmidt method of heating 
four parts of formate with five of carbonate in lead vessels to 400°-410°. 
Some have thought that 

HCO^Na 4- Na^COj = C204Na2 + NaOH 

represents the reaction, and it has been claimed that by the use of 
sodium oxalate as a diluent a 95 % yield is obtained when using 40 % 
of oxalate HempeP'^" suggests the production of oxalate without the 
isolation of formate The conversion may be affected in i am at 280® C. 
and the hydrogen recovered 


18^ Fr. Pat. 389039 (1908) 
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GLASS, RteACTORY MATEEIALS, CEEAMICS, AND 
BUILDING MATEEIALS 

By W J Eees, fig 

Depatfment of Refi'actor^ Mateiials, The Universiiy of Sheffield 

Glass 

The prescient and energetic policy of the Department of Optical 
Munitions and Glassware Supply of the Ministry of Munitions has been 
of great advantage to the general glassmaking industry ot this country 
Every encouragemont has been given to the application of scientific 
methods of manufacture and to the adequate co-operatfon of pure 
scientists with the industry In consequence, much has been done to 
place the industry m a position to cope vith the present abnormal 
conditions and with the probable great trade activity which v ill follow 
the war The successful inauguration of the Society of Glass Technology 
]s indicative of the greater interest which is being taken in the 
scientific aspects of glass manufacture Much good would result to the 
industry as a whole if some scheme for the pooling of technical knowledge 
could be airanged There are obvious difficulties in the way of such 
interchange, but much duplication of lesearch and expeiimental voik 
could probably be thus avoided 

Eesistant glassvare suitable for analytical opeiations vas first 
introduced by Schott, of Jena, in 1892, and improvements in the quality 
of this glass were made a few years before the war In recent 
years a number of othei types of resistant glassware of American, 
German, and Austrian manufacture have been obtainable, and since 
the outbieak of war there has been considerable activity m the 
manufacture of the resistant ware in countries cut off from German and 
Austiian supplies Much progress can be recorded m this country, as 
also in France, America, and Japan, and supplies of glass of satisfactory 
durability are now available In general this glassware resists attack 
quite as well as, and in some eases better than, the best German 
laboratory glass, but it is necessary that increased attention should be 
given to the annealing so that the desired improvement in mechanical 
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properties ^is forthcoming Caiiwood, English, and Tinner^ have 
investigated the attack of chemical reagents on glassware of English 
manufacture, and concluded that high hone oxide content confers 
resistance to water attack hut renders the glass vulnerable to attackby 
alkalis and acids , that alumina bestows resistant power towards sodium 
carbonate, and that high silica content is necessary to give protection 
against attack by acids Eour glasses of English manufacture weie 
found to be superior in resistant power to Jena glass, apcl the following 
analyses of them are given 


Glass 

SiOj 

AW, 

ZnO 

CaO 

AlgO 

KaO 


BA 

MnO 

Ee^O. 

0 

65 45 

618 

906 

040 

trace 

0 34 

1181 

713 


0 09 

D 

66 61 

674 

3 62 

435 1 

0 33 

2 58 

1152 

4 57 

010 

0 08 

E 

66 .38 

660 

8 66 

049 

012 

109 

10 02 

1 692 

tiace 

012 

G 

69 40 

100 ' 

7 35 

5 78 

trace 

5 92 

6 46 

1 401 

0 08 

012 

Jena 

64 58 

628 

11 78 

008 

012 

1 tiaie 

738 

|1003 

trace 

OlO 


The molecular propoitions of acid constituents (silica and boric oxide) 
to bases are, tJ 3 2 to 1, D 2 85 to 1, E3 4 to 1, (43-3 to 1, Jena 3 7 tol. 
It was found that of the glasses tested the least durable were those 
that departed most from the 3 to 1 ratio. 

P. Nicolardot- compared the resistance to attack of three glasses of 
French manufacture with German glasses and concluded that the former 
were quite equal to the latter Their thermal endurance, which was 
tested by plunging flasks full of hot paraffin wax into cold water, was 
not so satisfactory. 

A standard rest for chemical resistivity is desirable, and it is probable 
that the most useful single test is to expose the glass to the action of 
water and steam at high temperatures in an autoclave and determine 
the loss in weight and the residue on evaporation Exposure for three 
hours at a temperature of 180° C. ivith a pressure of about 10 kilos per 
sq. cm. w^ould, in the writer’s opinion, he an efficient test Probably 
hquid water is a more potent agent than steam in attachng glass."^ 
C. Barnes^ found that at temperatures just above 185" C. hquid water 
attacked glass very rapidly, with the separation of hydrated silicic acid. 

Since the war there has been a great shortage of heat-resisting glass 
lampware previously exported m large quantities by Germany and 
Austria. The special properties of this glass depend primarily on the 


1 Jour Soc Glass Tech , 1917, 1, 153 ; 1917, 873 

2 Omnptes rend , 1916, 168, 355 , 1916, 1156. 

® See, Melloi, " Plasticity of Potters’ Mateiials.” 

^ Amer J Sci , 1889, 88, 407, and 1891, 41, 110. 
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possession oi a low coefficient oi expansion Glassware suitable for use 
in high pressure gas and oil incandescent biiiners, arc lamps, etc,, ot 
quite satisfactory thermal and mechanical endurance, is now being made 
in this country, and when the necessary skilled labour is available 
supplies should be adequate to meet the demand 

E G Sullivan and W 0 Taylor^ have developed a borosilicate glass 
of high silica content with a mean linear coefficient of expansion betiveen 
19" and 350“ C ,^)f 0 0000033. This glass also has a very low reflec- 
tivity for radiant heat and is being developed for culinary purposes. 
E. 0. Sullivan'' considers that the difficulty in obtaining glass of low 
coefficient of expansion is to a great extent due to the decreased fluidity 
at founding temperatures, and that the drawbacks in the use of boric 
oxide are that it reduces the stability of the glass and that the reduction 
m expansibility is not continuous but reaches a mimmum. He suggests 
the determination of a coefficient of thermal endurance, instead of the 
coefficient of expansion, by heating pieces of the glass in rod form to a 
definite temperature in a vertical electric furnace, and dropping them 
simultaneously into water, the temperatuie at which 50 % of the rods 
fracture being used as a standard of comparison of thernjal endurance. 
Progress can be lecoided in the manufacture of bulbs for incandescence 
electric lamps and automatic machmeiy capable of large outputs is now 
in use. 

The work of the Glass Besearch Committee of the Institute of 
Chemistry lias continued, and formuliefor numerous special glasses have 
been communicated to manufacturers through the Ministry of Munitions 
Besearch work has also been m progress at the National Physical 
Laboratory and in the Department of Glass Technology of the 
University of Sheffield. 

Noteworthy progress has been made m the production of optical 
glass, and a list recently issued by Chance Bros, and Co., Limited, is 
indicative of much successful work in the manufacture of types of glass 
for which opticians were formerly dependent on the Jena ivorks 

Wilhams and Cox^ describe experiments made with a senes of 42 
barium glasses with a molecular composition ranging from 2 5 to 5 ’5 
SiOa, 0 to 0 5 NaiO, 0 to 0 5 BaO, with 0 1 ZnO and 04 K^O Note 
is made ot the working properties, density, coefficient of expansion, 
solubility, liability to devitrification, softening point, and viscosity range 
Potash-baiium glasses of maximum barium content were made having a 
lustre equal to that of potash-lead glasses used for the best quality of 


= J Ind. JSng Ghem., 1915, 7, 1064 , see aLo J , 1916, 513. 

6 J , 1916, 36, 513, 

7 Trant Amr. Germ. Soc,, 1916, 18, 315 ; 1917, 712. 
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cut glass L Springer® lias continued his search for efficient substitutes 
for the nitrates of potassium and sodium referred to m the previous 
report, and a further account is given of laboiatory trials with barium 
peroxide. The colouring effect of iron in lime glasses was greatly 
diminished by its use, but m lead glasses it was not advantageous 
Eeference has been made'’ to the rapid attack on glass pots when 
barium peroxide is used in excess It is stated that by the substitution 
of graphite for a portion of the grog in the clay mixture from which the 
pots are made a more resistant material is obtained The same author^^ 
considers that nickel oxide should be the most suitable decolorizer 
to use in glass made from a salt-cake batch. 

Turner and Cauwood^i have investigated the effect on the glass of 
impurities present m Russian potash. When the batch was melted at 
1300°C. sulphate to the extent ot 0 25 ^ of the batch and chloride to 
the extent of 0-5 % caused opacity if the molten glass remained at about 
1000° C for a few hours. Phosphate to the extent of 1 % of the batch 
did not produce milkmess. The milkmess could be retarded by the 
presence of borax, in which case it reappeared on reheating or by 
melting at a high temperature. 

In a discussion on the melting of lead glass m open pots,^^ attention 
is directed to the use of a washed gas with the proportions of gas and 
air controlled to give an oxidising atmosphere in the furnace. To prevent 
rapid deterioration of the glass in successive melts it is considered 
desirable to use for the manufacture of the pots a plastic clay giving 
a dense, vitreous body on burning. The wear on such pots is more 
uniform and “ wreathy ” glass is avoided. 

G T Morgan^® suggests a method for the utilisation of nitre cake 
in glass manufacture by using a batch containing the nitre cake with 
wood charcoal, sand, and limestone, and recovering the sulphur by 
connecting the furnace to a sulphuric acid plant. In laboratory 
experiments the efficiency of sulphur recovery was about 66 %. 

RosenthaP-^ has made a series of experiments on the artificial colora- 
tion of glass by exposure to light of short wave lengths. A Coolidge 
vacuum tube was used as the source, giving a current of 100 milliam- 
peres at 50 kilovolts. Thin colourless glass is coloured uniform tints 
by this exposure, but glass over 0 25 inch thick shows a gradation of 

8 Sjprechaal, 1917, 50, 49, 

® S;preoJisaaI, 1916, 49, 34. 

10 Sprechaal, 1916, 49, 208. 

11 J Soc Glass Tech , 1917, 1, 87 j J , 1917, 387 

12 Sprecimal, 1916, 49, 303, 

13 Econ P/oc. Rot/ Duhlm Soc., 1917, 2, 238 , J, 1917, 504. 

w J. Ind Eng Ohem, 1917, 9, 734 j J", 1917, 1009. 
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colour from the exposed side. The coloration of porcelain teeth in this 
way IS suggested. If the composition of the white glass is known, the 
resulting coloui may be predicted. 

The development of electiic steel melting furnaces in this country 
IS diiecting attention to the necessity tor the provision of suitable eye- 
protecting goggles for those engaged in working the furnaces The 
choice of suitable goggles lor a ivorkman necessitates investigation of 
the physical characteristics of the light to which he is exposed. In 
recent years a gi cat deal of work lias been done with the object of 
producing glass w'hich wull effectively filtei out any desiied rays The 
researches of Sir William Ciookcs^^ have alieady found some commercial 
application in the production of glasses wdiich transmit a great deal of 
light but arc opaque to the ultra-r lolet rays These glasses, w hil»t they 
fulfil a useful purpose, are, howler er, not dark enough for most of the 
trades w'hich demand goggles Luckeisch, of the Nela Itescarch Labor- 
atories, suggests as a general solution of the pioblera the combinatiun 
of a yollow-green glass totally absorbing ultra-uolet rays with a shade of 
smoked neutral glass sufficiently dense to reduce the brilliancy of the 
light to a safe degree It is desirable that the glass rj:hich is used 
should not modify colour perception to any considerable extent, and that 
the infra-red as wmll as the ultra-violet radiation should be filtered out 
In view of the fact that m the radiation from the surface of molten 
glass the infia-red rays are present in far gi eater abundance than the 
ultra-violet, it is inferred that glassworkers’ cataract is to be ascribed to 
the heat rays rather than to the ultra-violet Exposure to radiation 
rich in ultra-violet is an important factor m the causation of conjunc- 
tivitis Coblontz and Emerson, in an investigation of protective glasses, 
conclude that for absorbing the iiifra-ied rays deep black, yellowish, 
green, gold plated, sage-green, and blmsh-grcen (ferrous iron) glasses 
are efficient. Of the infra-red rays emitted by a furnace at llOO'C. 
about 99 % aie absoibod by gold plated glass, 95 % by sage or bluish- 
green glass, 60 to 80 % by deep black glass, and about GO % by greenish- 
yellow glass. Several minerals, for example beryl and gainet, 

[Ca3(EeMg)3Ab(SiO,)3]. 

have been found to be very opaque to the infra-red rays 

Attention has been given by several investigators to the phenomena 
of annealing. Twymaffi*' points out that the phrase " want of annealing 

JPhl Tians,, 1914, 214. Archhves of OpMUlmoIogy, July, 1914. 

U S Bureau of Standards, Tech Baper No. 93, 1917 , J , 19l7, 647. 

Caniepi,e InsMufe of WasUngton, Puhkcation No 66, ,1908. 

M J ^00 mass feoh, 1917, 1, 61 , J., 1917, 839. 
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as applied to glassware means the presence of internal stress The 
stress cannol; originate in glass at either high or low temperatures, hut 
at an intermediate range of temperature internal stresses may be set up 
which may take something of the order of some minutes, an hour, or a 
few hours to die out. This “ annealing range ” is all important, and an 
accurate knowledge of the mechanical properties of the glass throughout 
IS necessary if good annealing is to be obtained in a minimum of time. 

It IS shown that within this range the mohihty (the converse of viscosity) 
doubled for each 8^0 rise in temperature A law ot change of viscosity 
with temperature is deduced which holds in the case of all the glasses 
examined. An apparatus called the Hilger Strain Meter is described 
which depends on the following facts. A beam of hght in its passage 
through strained glass is doubly refracted, and this double refraction can 
be detected by a polarimeter, the existence of strain being revealed by 
the presence of light and dark hands on the object according to the 
nature and amount of strain present An addition to the apparatus of 
a wave plate was suggested by F E Lamplough, and regions of stress 
are then marked out as a colour-contrast effect , well annealed specimens 
produce no change in the colour of the purplish-pink background, 
while legions of stress become a light blue or yellowish-red according 
to the direction of the stress, the brilliance of the colour contrast being 
an indication of the intensity of the stress \Yith this apparatus glass 
objects can he examined rapidly, any stress of importance being revealed 
at once It is suggested that as a standaid of annealing there should 
be present in the finished article no stress amounting to one-twentieth 
of the breaking strain of the glass An average compressive stress of 
150 to 300 kg /cm ^ and an average tensile stress of half that amount 
was found in a number of badly annealed flasks and beakers examined 
and fully accounts for their liability to sudden fracture A method and 
apparatus is described by which the anneahng temperature of any glass 
can be determined with an accuracy of ± S" C. The routine is estab- 
lished by a theoretical argument and results checked by the actual 
annealing of glass vessels There is a very considerable difference m 
the annealing temperatures of different kinds of glass, and it is of great 
importance that glass manufacturers should give attention to this and 
not attempt to pass through the lehr simultaneously glasses of varying 
compositions Turner^® draws attention to the thickness of the article 
being an important factor in determining the rate of passage through the 
lehr and to investigations proceeding on the conditions of annealing^ 
English^i describes optical and mechanical methods of determining 

20 J Soc Glass Tech , 1917, 1, 74 

‘1 J. Soe Glass Tech, 1917, 1, 74; J, 1917, 339 
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annealing temperatures, and shows that the annealing temjjeiaturo of 
glass IS helow the temperature of soitening The tunes required for 
stress to disappear m a glass examined weie 570 minutes at 550" C , 270 
minutes at 600"''C , 18 minutes at 625'^C , and 10 minutes at 650^C 

Parker and Dalladay^'^ describe a method for the muon by heat 
treatment of glass surfaces in optical contact. The glass surfaces aie 
placed in optical contact under moderate pressure and kept tor about 
1 J hours at a tamperature 70^^ to 80‘-’C below the annealing temperatuie 
as determined by the method of Twymaii It is necessary that the 
annealing temperatures of the tiro glasses should not ditfei by more 
than SO^’G 

P G H Boswell-^ has made an exhaustive survey of British resouices 
of sand suitable for glass-making It is impossible to over-emphasize 
the importance of an adccpiate study of our home resources of the 
naturally occurring materials used either directly or indirectly in the 
manufacture of glass. In pre-war days large (piantities of glass sand 
were imported mto this country from Belgium and France These 
sands were very smtable foi their purpose and were cheap, as they were 
usually brought over in coal boats as ballast. The autlmr shows that 
while we have not in this country any deposit equal in quality, uni- 
formity, and extent to that of Fontainhleu, we have ample supplies ot 
sands suitable for all ordinary glasses The properties desirable in a 
glass-sand are dealt with in detail It should be unilonn in size of 
grain, and expel lence has sliovn tluit the sands behaving Lest during 
glass melting are those containing a large proportion of grains from 
0 25 to 0 50 mm in diameter The presence ot very fine grains causes 
the production of small “ seeds ” which are difficult to remove in the 
fining process An en grade is also an important factor m seeming 
homogeneily and it is impiohahlc that stiniiig completely eliminates 
the heterogeneity caused by the use of badly graded and unevenly 
melting sands The methods of detei mining the grading of a sand 
by mechanical analysis are (hsemssed, and in the supplementary memoir 
details aio given of a satisfactory elutiiator constiucted fiom vide 
glass tubing only Consideration is given to the chemical composition 
of the sands and to the effect of impmities on the melting process and 
the resultant glass It is suggested that the limits of iron oxide content 
for various glasses are -—Optical glasses carrying haiium and zinc, 
below 0 02 % , crown optical glass, up to 0 04 % , crystal flint glass^ 

22 Faiaday Soc etv, Dec 18, 1916 , J., 1917, 32 

2^ Memoir and Bapplementan Memoir on British Resources of Sands suitablo 
for Q-la'smakerB 

British G-lass-sands J, Soc, Ghii Tec^ , 1917, 1, 3 , J , 1917, 21G 



GLASS, EEFEiCTOEY MAT2EIALS, CERAmCS, Ai’D BUILDING MATEEIALS. 211 


0 02 % , la];)oratory, medical ware, and plate glass, 0 05 ^ y indow 

glass 0 10 % In the opinion of the present writer it is not possible to 
produce a crown glass with sufficient freedom from colour with a sand 
containing 0 04 % of iron oxide, although it has been stated that certain 
hinds of optical glass may be successfully made from sands containing 
that amount of impurity and without the use of decolorizers The 
value of alumina in a sand is discussed and attention directed to its 
advantage in a bottle glass as it renders the glass touglier and better 
able to withstand pressure The opinion is rapidly gaming ground 
that, far from having a tendency to cause devitrihcation, alumina in 
moderate amount has just the opposite effect, and will prevent 
devitrihcation Experiments made by W E S Turner have shown that 
when alumina is added to a window glass batch, the resulting glass does 
not devitnfy when heated in a blowpipe flame Investigations made 
by Singer-^ indicate that in a glass hatch containing alumina it is 
possible to reduce the cost of production by increasing the sand and 
lime at the expense of the alkali The importance of a mineral analysis 
of a sand as a means of controlling consignments and of indicating 
impurities is referred to Heavy detrital minerals such as ziicon, 
magnetite, haematite, limonite, ihnemte, spheiie, and rutile should be 
present in small amounts only The proportion of these heavy minerals 
was found to increase with decrease in grade size The possibility of 
using crushed quartzites and other rocks is considered, but economic 
reasons will prevent the extended use of these materials in this country* 
The author also surveys our resources of suitable rocks of low iron 
content which might be substituted for the felspar which is imported 
from Scandinavia It is unfortunate that the only known deposits of 
any extent are in such inaccessible situations By means of a geological 
map the position of English sand deposits relative to the centres of 
glass industry is illustrated 

Peddlers obtained excellent results ^ith ivashed British sands, and 
draws attention to the need of proper scientihe treatment of British 
sands and the desirability of their supply to the glass manufacturer 
ready for immediate use A detailed investigation of the sand occuiTing 
at Huttons Ambo m Yorkshire was made and shows to how great an ex- 
tent a sand may be improved by adequate treatment Melts made with 
sand from Mucki&h Mountain, Donegal, gave colourless glasses which 
were indistinguishable from glasses made with the hnest continental 
sands It is therefore possible that despite the inaccessibility of its 


Keram BundichdUf 1915, 5 , J , 1917, 873 
» J Soa Gldis Tech , 1917. 1, 27, J, 1917, 216. 
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occurrence tins sand may provide a lioms supply ottlie comparatively 
small quantities ot sand required tor tlie manufacture ot optical glass 

Teisen-" renewed the development ot glass furnaces on the continent 
and referred particularly to the Heimansen recuperative furnace m 
which the combustion is sufficiently under control to permit the melting 
ot lead glasses in open pots It is considered that from the point of 
view of the weight of glass melted the recuperative furnace is more 
efficient than the regenerative furnace This would certainly not apply 
in the case of large tank furnaces, but for small sized pot furnaces the 
recuperative system undoubtedly presents many advantages 

Eefractories 

During the year under review much work has been done in focussing 
the attention of both manufacturers and users on the need for specialized 
research on refractory materials of all types A conference on refrac- 
tories research, summoned conjointly by the Ceramic Society, Faraday 
Society, Institution of Gas Engineers, and the Iron and Steel Institute, 
was held in March and appointed a sub-committee to report on (a), the 
extent of the research work on refractories already m progress, (b), the 
facilities for research existing in this country, (c), the facilities existing 
for rendering available published information on refractory materials. 
At a second conference in July the report^' of this committee was con- 
sidered. It deals in detail with the requirements of refractory materials 
by the industries of the countiy, and indicates the numerous points on 
which research is necessary. It suggests the investigation of a number 
of physical, physico-chemical, and mechanical properties of refractories 
under service conditions At this second conference the unanimous 
opinion was that it was desirable to establish a Eesearch Association to 
create and operate a scheme for the go ordination of the research work 
on refractory materials which is at present being carried out in different 
centres m the United Kingdom and to initiate such further investigations 
as are called for by the various industries interested in these materials, 
either as makers or users. It is intended that the Association shall 
work in conjunction with the Depaitment of Scientific and Industrial 
Eesearch Already an important school of research in Ceramics and 
Eefractones is in existence at Stoke-on-Trent in the heart of the pottery 
industry London, Sheffield, Leeds, Birmingham, Glasgow, and South 
Wales have already formulated and laid plans for the execution of 

J 8oc Qlcm Tech,, 1917, 1, 74, J , 1917, 381 

Report of 8econl Conferenee on Reii.ic tones Research an-f StmdirJization 
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compreliemiTe schemes of research bearing on their own special reqiure- 
meiits m refractories It is essential that the work of these 
research laboratories should be carried on in close touch with the 
vaiious industries so that the necessary co-ordination between laboratory 
results and works practice may be secured 

MdJmU of Testing Refiadoim. 

Nesbit and BelP® ha?e used the following method for testing the 
resistance of refractory bricks to slag penetration A hole 2 5 inches 
in diameter and 0 6 inch deep at the side is cut in the brick, using a 
drill pointed at an angle of 150® The brick is then heated to 1350^ C. 
and a known quantity of slag ground to pass a 40-mesh sieve placed 
m the hole After maintaining this temperature for 2 hours the brick is 
allowed to cool and when cold sawn across so as to bisect the original 
cavity at the centre, so exposing an area of slag penetration which is 
measured by a planimeter Increasing the duration of the test beyond 
2 hours had no marked effect, neither had variations in the fineness of 
the slag Iin,a crushing test adopted by the same authors the brick to 
be tested is ground so that opposite faces are parallel, measured and 
heated to a temperature of 1350® C. The time taken to reach this 
temperature should be at least 6 hours and it should be maintained for 
2 hours The brick is then quickly placed in a testing machine of 
standard type, with asbestos board above and below the specimen, and 
the crushing weight determined 

E and E A Griffiths^® used a special form of carbon tube furnace for 
determining the softening points and compressive strength of refrac- 
tories. It includes a device for applying pressure up to 150 lb per sq 
inch to the test piece which is in the form of a cylinder | inch 
diameter and 1 inch long A useful bibliography on electric furnaces, 
the melting and softening points of refractory materials under load, 
and of electric furnace products is added to this paper 

Le Chateher and Bogite¥® have investigated the crushing strength 
of fireclay bricks coll and at temperatures between 950“ and 1500“ C 
Cubes of 1 cm. sides were supported on a block of sintered magnesia, 
with an intervening layer of chromic oxide, in a Schloesmg gas-heated 
furnace, and pressure was applied by an iron rod with an end piece 
made of bauxite burned at 1600“ C The results they obtained 
were m conformity with those established by Mellor. They suggest 

^ Met aniClmi 1917, 17, 184 , J, 1917, 1048 

29 Faraday Soc , Dej 18, 1916 , J , 1917, 83. 
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that the qiicality ot tire bucks may be judged by deteiminii)^ the tem- 
perature at \rhich the detormation is 20 % under a pressure of 20 kilos, 
per sq c m api)Iied tor a period ot one iimiiite This high pressure was 
chosen in oidei to limit the cxpenmental errors For the mateiials 
testeil the tempeiature of detormation lay between llbj0‘‘^ and 1500''C 
The equililnium lange ot sillimanite and tridymite iii tirebrieks is 
discussed, and it is suggested that the lack ot knowledge as to the 
natuie of the fifsibility curie of mixtures of tridymite and sillimanite 
13 due to the tact that below 1500 ''C vitreous silica i.s not sufficiently 
fluid to peimit rapid changes towards a state ot equilibrium 

The foilov ing method tor testing retractones under load at high 
tempciatures is suggested by the American Society tor Testing 
Waterials A full-sized brick is heated under load under specified 
conditions and the resulting deformation measured The furnace of 
special construction is heated by two tangentially disposed burners, 
the flames trom uhich are isolated from the buck by an alundum 
cylinder. The buck rests on a carborundum block and canies 
another block of the same mateiial -wbicli projects through the top of 
the furnace To this projecting block the load is appliecUby means ot 
a cross beam caiiying weights so as to apply a piessure on the brick ot 
25 11) per sq in The specimen is laised to the test temperature lu 
4 J hours and maintained there tor 11 hours The suggested testing 
temperatuies are —tor silica material, 1500*^ C ; firht grade clay goods, 
1350'’ C j medium grade, 1300“ G.; and low grade, 1100“ C The 
cooling must be slow and should take at least 5 hours The length ot 
the brick is measured before and after test and the percentage decrease 
ealcnlatecl 

Hancock^' describes a simple foim of apparatus for measuring abrasion 
at working temperatures Two test pieces are superimposed, the lower 
being held firm and the uppei one made to move to and fio over the 
lower hy an arm connected with an eccentric and driven by an electric 
motor rieliminary experiments indicate that actual abiasion by one 
clay surface upon another was least with fine giain material and that 
abrasion increases with the temperature. 

Cronshaw^'^ suggests the measurement of permeability instead ot 
porosity because, as ordinarily determined, porosity is not necessarily a 
measure ot susceptibility to penetration A cube of the refractory 
material is to be niimersod m a bath of molten slag for a specified time 
at a definite temperature, and the extent of penetration estimated by 


Amcr See Testing Matenats, June, 1917, J , 3917, 1048 

32 Tians Ceram. Soc., 1917, 16, 49 

33 T^ans Faraday Soc , 1917, 12, 166; F, 1917, 648. 



GLASS, KEFBACTOEY MATERIALS, CBRAAIICS, AND BUILDING MATERLILS. 215 

comparison of the original porosity with the porosity after immersion. 
Lessing^'^ describes a simple method of eliitriation for ascertaining the 
texture and rational composition of unburnt refractory mixtures. 
Comparisons of English and Cerman gas retort mixtures are given, the 
latter having a much higher proportion of grog 

E Griffiths^^ describes a method for the determination of the thermal 
conductivity of refractories Eeterence is made to the work of Wolog* 
dine®'" and to the investigations of Cobb, Dougill, and Hodsman^" on 
this sub] ect .A laboratory gas mnSie heated by a Meker burner supplied 
with compressed air reached a temperature of 1300—1400° C, in 
about 4 hours, but on covering the outer surfaces with a 2 -inch layer of 
magnesia-asbestos composition the same temperature was attained m 
under 2 hours Results obtained by using diatomaceoiis bricks, slag 
wool, and silicate cotton mats as insulating materials are detailed. 
Slag wool can withstand a fairly high temperature without losing its 
fibrous structure, but it should not be subjected to prolonged heating at 
temperatures much above 750“ C Reference is made to the three 
general conclusions to be deduced from Wologdme’s work *—( 1 ) that the 
conductivity increases with the firing temperature, eg, silica bricks 
buint at 1300“ C. have a conductivity 50 % greater than those burnt at 
1050“ C ; ( 2 ) that with all materials the thermal conductivity increases 
with the temperature, with the exception of chromite brick, in which it 
IS nearly constant ; (3) that the conductivities of carborundum (SiO, 
87 % , S 1 O 2 , 12 %) and graphite (C, 48 % , S 1 O 2 , 30%) bricks are of the 
order of 4 to 6 times those of fireclay bricks. 

Fiuclay Befiactones, 

A A Knox®® condemns the rational analysis of clay as of little value 
and considers that more reliable results can be obtained by calculation 
from the ultimate analysis The following average analysis of calcined 
Glenhoig clay is quoted •— 

S 1 O 2 Al 20 a FeaOj T 1 O 2 CaO MgO Alkalis 
59 22 35 31 303 1 37 0 30 0 28 0'49 

Large deposits are known containing up to 42 % of AL O 3 with a low 
percentage of fluxing impurities The physical properties vary, plastic 
and non-plastic clays of similar composition occurring. 

Trans. Fewaday 8oe , 1917, 12, 68 , J , 1916, 1219 
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Bailey iiivostigatad the diflicLilties and causes ol vaiiahon in the 
determination of the linear shrinkage of clay Ho considers that the 
more reliable results arc obtained by the Tolume method of determining 
shrinkage Millsom, Robertson, and Treischah'^ studied the effect of the 
addition of non-plastic materials to a plastic clay on the dijung and 
burning sluiukages and the crubliing strength ot the finished product 
Bains suggests the possibility of using the flotation process for 
tee dressing of clays 

Cronshau considers that the chief cause of the detcnouition of bricks 
in opoii'heaitli fiunaces is the combination ot basic flue dust and rolati- 
lised oxides with the material of the liricks Abrasion liy hot gases, 
rapid movement due to sudden changes iii temperature, and tlie action 
of particles of slag shot up from the molten chaige also assist m the 
destruction of the bricks, particularly ot the furnace walls To resist 
destruction m blast furnaces and cupolas the composition and texture 
of the bucks must be adjusted to suit the conditions The main 
destructive mtiiiences are the deposition of carbon within the bricks 
themselves and the deposition ot certain volatile substances in the cavities 
and crevices riuinmg through the brickv ork The former mtiinl} depends 
on the permeability and purity of the brick as regards active compounds 
of non The deposition of caibon within the pore-spaces and the 
consequent secondary actions have a very detrimental effect on the 
coherence ot the bricks The process ot substitution apparently advances 
progressively outwards, and as the “ scar ” is more triable than the 
original brick it easily succumbs to the abrasive action of descending 
charges The inner zone ot “ scar ” piotects the unaltered brickwork 
from the high furnace tempeiatiire and the fluxing action of the charges, 
but at the same time conditions arise which favour the deposition of 
volatile compounds causing disastrous secondary changes The ideal 
brick would be entirely free from iron impurities, have minimum 
permeability combined with sufficient resistance to internal Assuring, 
and bo refractory enough to withstand possible ovoi heating The 
mfluenoe of dust m the regenerators is considered and suggests alteration 
in their construction to diminish the trouble due to it Sir Robert 
HadfiekR^ describes experiments made with fireclay, nmgncsite, and 
plumbago for stoppers and nozzles for steel ladles Good results were 

® Tims Ame> Gesam Soc, 1916, 18, 5o7. 
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obtained with magnesite, especially ivitb steels containing 0 90 % of 
manganese and upwards, which have a severe chemical action on fireclay 
nozzles PlumbagS was found to possess no advantages over fireclay. 
An excellent bibliography of the hterafcure relating to refractories is 
appended to this paper, and analyses of a large number of English and 
foreign refractories and the raw materials from which they are produced 
are quoted. 

J W Mellor-^^ deals with the texture of firebriclfs An elegant 
method for observing the textures is described The specimen is cut 
transversely and an exposed face polished To this polished face a glass 
plate IS then cemented by means of hot Canada balsam The texture 
of a refractory may vaiy from that of the light porous bodies used in 
making insulating bricks to non-porous or Mtreous bodies used in mak- 
ings acid-resisting brick for acid towmrs, etc. It is impossible to over- 
emphasize the importance of uniformity m texture, he it coarse or fine. 
Assuming that the chemical composition and refractoriness are satisfac- 
tory, the life and character of the brick are largely determined by its 
texture If the vitrification of a clay is the result of a reaction het-ween 
the suriaces cif contact of the granules, the speed of vitrification must 
increase ivhen the area of the surfaces m contact with one another is 
augmented. It follow's also that pressure might he expected to low'er 
the softening temperature of a clay by bringing the surfaces of the 
granules into more intimate contact Ohservatiuns showed that wuth 
clays of approximately the same grain size,'^ the softening temperature 
is reduced by pressure in accord wuth the exponential law, softening tem- 
perature = Ce’^-P w'here C denotes the squatting temperature of the clay 
under no load,p denotes the pressure m lb per sq in , and I is a constant 
of the order 0 001, but which has in general smaller values for silicious 
than foi aluminous clays Anything which favours the vitrification of 
a clay reduces its refractoriness and consequently, other things being 
equal, the coarser the gram of a clay the higher its softening tempera- 
ture, and the coarser the texture, the more refractory the brick For 
example, firebricks made wuth some clays, wuth or without fine-grained 
silica, fail at temperatures which they withstand w’’hen made from the 
same clay mixed with coarse grained silica. The quartz fragments must 
he angular and not m the form of rounded pebbles. The changes 
which occur during the firing of refractory materials are called by this 
author amded uadwns, as the chemical and physical changes are 
arrested at the particular and definite stages before they are completed. 

Tmns Ceram Soc , 1917 , 16 , 40 Trans. Faraday 8oc , 1917 , 13 , 53 , 
1916 , 1218 . 
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This explains why the true thermal expansion of fire bricXs is difficult 
to measure^^ as it is obscured by secondary effects due to after- 
expansion or after-contraction. 

W. G, Fearnsides^^ puts m a plea for the further application of 
petrographic methods to the study of refractories. 0. H Desch'^*’ adopts 
the method of grinding one surface only of the specimen ni the usual 
manner for petrological work and examining in the etched or unetched 
condition by means of a metallographic microscope with a vertical 
illuminator Sharp photographs of a eutectic structure in Portland 
cement clinker were obtained which was quite invisible in thin sections 
of the same clinker, owing to the elements of the structure being of less 
size than the thickness of the section The different constituents can 
be distinguished by etching with dilute hydrofluoric acid or other 
reagent. Hancock-^^ separated a typical Stourbridge fireclay into six 
fractions by elutriation The chemical composition and rational 
analysis of the tractions and original clay indicated that the clay 
substance constituted the bulk of the finest fraction and that the quartz 
tends to accumulate in the coarser fractions 
JRr B Sosman®*^ discusses the two and three component,psystcms made 
from silica, alumina, magnesia, lime, and the oxides of iron He concludes 
that the stable compounds of these oxides with each other consist of the 
oxides in simple proportions, usually 1 1 or 2 1, and that these 
compounds are molecular compounds of the oxides The three-component 
systems fall under similar generalization, the ternary compounds being 
composed of the more stable binary compounds in simple proportions, 
usually 1 ' 1 The maximum melting points m all the two and three 
component systems are the melting points of pure stable compounds, 
and the highest melting points of all are those of the pure oxides 
alumina, lime, and magnesia Any finely powdered substance, if held 
slightly below its melting point, will sinter together more or less 
solidly and it is suggested that there is therefore no reason why a pure 
oxide, such as alumina, cannot be made into a dense, hard relractory 
without the aid of a bond. Phase rule diagrams of all the possible 
two and three component systems which can be made from the six oxides 
dealt with are given. It is suggested that kaolmite (Al 203 , 2 Si 022 H 20 ) 
when heated breaks up into a mixture of AlgSiOs and SiOo. Mellor 

-♦8 138, 502. 
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and Holdcroft^^ consider from experimental evidence that in the region 
of 500 C kaohnite breaks up into free silica, free alumina, and iv ater 
and that the AlsSiOj (sillimanite) is formed at 1200° C bj the re- 
combination of the free alumina with some of the free sihca Sokolov®^ 
heated Gluchov kaohnite for periods of 1 to 5 hours at temperatures 
from 200° to 1000°C., digested the residue for 2 hours with 16^ 
hydrochloric acid and determined the soluble alumina. The following 
results were obtained after ignition for 1 hour , 

water lost AbOs soluble % 


300" C 

0 72 

. . 212 

400“ C 

.. 0 67 

2 08 

600“ C 

10G9 

... 28 46 

700° C 

11-92 

... 32 30 

800° C 

. 12 99 

. 34 66 


A weak alkali extracts soluble silica from the residue The results 
are taken as indicating that at 800° C the kaolin molecule is completely 
broken down into its component oxides The soluble alumina is much 
greater than fas obtained by Mellor and Holdcroft, and if the experi- 
mental work IS correct, strong support is given to the view of the latter 
workers as to the constitution of the kaohnite molecule, as there is no 
indication of the “ dehydration ” taking places in stages such as might 
occur if the elements of the “combined water” were placed unsyni- 
metrically in the molecule J W Mellor^^ has investigated the heating 
curves of crystalline kaohnite, fireclay, halloysite, silicic acid, allophane, 
and pyrophillite. Halloysite having no critical point at 500“C is thus 
distinguishable from kaohnite. Allophane and other hydrated aiumina- 
silica minerals give heating curves similar to halloysite. The conclusion 
is drawn that the dominant mineral in Glenboig, Lancashire, Stourbridge, 
and other fireclays and also m Devon and Dorset hall-clays is clayife, a 
colloidal form of kaohnite. Evidence is adduced for the presence of 
true kaohnite m ball-clays. W G, Fearnsides^^ discussing the consti- 
tution of coke-oven bricks, agrees with the conclusion that at 1200°C 
kaolin changes into a mixture of siUimanite and free silica (probably m 
the form of tndymite changing at higher temperatures into cristobahte) 
On cooling from higher temperatures an eutectic is formed wth a melting 
point as determined by Eankin of 1600° 0 , and the conclusion is drawn 
that kaolin and c[uartz may therefore be mixed m any proportions with 
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little loss to tlieir refractoriness It is unnecessary tor the refi actonness 
of colve-ovcn briclis to ba as high as that of bricks for steel furnaces 

N B Davis''^ examined a number ot firebiicks idiicli had during use 
become impregnated with copper sulphidesj galena, and metallic zinc 
and Zinc oxide In a brick from the forc-heai th of a copper-blast furnace 
which had bean in contact with the molten matter, the original coarse 
texture of the brick w’-as almost completely destroyed. Polished surfaces 
showed the sulphide to he wholly present as chalcopynte filling pore 
spaces m the altered brick. 

As a means ot preventing the disintegration of the surlacos ot coke 
oven bricks, which are to be in contact with the coal, M Barrett''^ 
proposes to glaze these surfaces immediately the bricks are made 
During the burning, whilst the bricks are still incandescent and at a 
temperature of not less than 1200' 0 , they are treated for about 30 
minutes with the vapours of alkaline chlorides The parts not reiiuired 
to hi treated may be coated with a wash ot harmm sulphate 

E J Allen^^ describes a new method of casting articles of liroclay 
In the "Weber process of casting, a slip (containing coarse and fine grog) 
obtained by the use ot siutable tlocculents, is poui'ed into^a mould with 
plaster faces Allen’s method is to surround the plaster mould v ilh an 
iron case and maintain a vacuum between the mould and the casing, 
thus greatly increasing the filtering power of the mould and enabling 
a deposit of clay of any reasonable thickness to be obtained The 
deposit IS homogeneous and the vacuum is maintained until the article 
is hard and self-supporting "Variations in thickness of the article are 
obtained by varying the space between tbe case and the mould. 
Illustrations and descriptions are given of the adaptation of the 
method to the casting of open and covered glasshouse pots, condensing 
wmrmSj and chemical ware. A combination of this suction process with 
a process ot electro-deposition is also described. The apparatus consists 
of a metal case surrounding the mould and forming one electrode, the 
other electrode being a suspended perforated metal tube The mould 
is kept full of slip, and on passing the current the material in suspension 
migrates to the mould and the water accumulates round the suspended 
tube and is siphoned off through msulatde pipes "^Bien a deposit of 
sufficient thickness has been thus obtained the remaining slip is 
siphoned off and the deposit dried by suction. The density of the 
deposit depends on the voltage used If a dense slip is used the plaster 
mould and suction have been found unnecessary, the simple metal 
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mould l)oing sufficient Articles of plumbago cand carborundum have 
been made by tbis method The development ot these casting methods 
will be followed with intere&t, as large economies of labour may result 
from them 


Silica Ucjmimm 

Bosweir*® has surveyed our home resources of sands used in 
metallurgical practice. It is pointed out that in high-class moulding 
sands with natural bonds, coarse sand and clay grades predominate, 
other grades like fine sand and silt being subordinate The clay yields 
the “glue’' which holds the quartz grains together even at high 
temperatures In the Bimter red sands of the Birmingham district the 
clay or mud grade which forms the bond is a thin coating of ferric 
oxide round each gram of quartz This iron oxide holds a film of 
watei by surface tension, thus making a strong bond between the quartz 
grams It is important to note that some of the most successful steel 
moulding sands, such as the “Belgian Red” and “Yellow” and 
“ Cornish Bed ” (Phocene deposits, St Erth) owe their colour to iron 
oxide and ar^ associated with glaucomte-bearing deposits Colloidal 
silica may he m itself an important bond as well as the colloidal 
glauconites. The author considers that all foreign sands imported 
before 19 U can be replaced by home materials, although under the 
conditions then existing it might not in some cases be economical 
McDowelP® deals with the composition and behaviour on heating of 
silica bucks According to Wernicke and Wildschrey, good quartzites 
for silica buck-making consist of quartz grains in a ground mass or 
cement of amorphous silica, and owing to the shght sintering caused by 
fine fluxing impurities in the ground mass they are much stronger after 
burning than quartzites which have little ground mass or cement. 
Microscopic examination of American quartzites does not support this 
view It is considered that in the first hum of silica bricks most of the 
quartz is converted into cristobahte, and on repeated burning the rest of 
the quartz is slowly transformed The cristobahte inverts to tridymite, 
slowly at first, hut more rapidly at later stages, time and burning 
temperature being the controlling factors The author suggests that 
the catalytic action of the flux compounds formed with the added lime 
probably explains the observed inversion oi cristobahte to tridymite, 
and that therefore an increased amount of lime in bricks should 
accelerate the formation of tridymite 
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Ls Chatelier''® points out that the transformation of quartz into 
eristobalite and tridymite is accompanied by a recrystallization which 
gives to the bricks great solidity at high tempcratmes and by an 
expansion frequently very considerable. In 1912 he showed that Dinas 
bricks after firing, but before use, consisted largely of a variety of 
silica with a transformation point at 215“ C accompanied by a sharp 
change of linear dimension of 1 % Accurate deteimiiiation ol the 
transformation »temperatur6 of eristobalite (230° G) showed it to be 
identical with this variety referred to. The three varieties, tndyimte, 
eristobalite, and vitreous silica, have about the same density of 2 20 at 
temperatures of 1000“ C Silica bricks from the arches of old fmnaces 
contained crystals origmally eristobalite which had been transformed 
into tridymite, forming a multitude of small crystals enclosed by the 
old crystals In another case the bucks showed small crystals of 
eristobalite formed directly from quartz, the grains of vliich had been 
fluxed together at a temperature of about 1700“ 0 Ciystallization 
of tridymite was also observed in the linings (consisting of a mixture 
of ganister and clay) of a Bessemer converter at Sheffield. It is 
apparent that in all cases rapid crystallizations of silica Isom a melted 
glass give eristobalite The quartz grains directly transformed present 
no appearance of crystallization, and do not even act on polanzed light, 
but the confused eristobalite can be identified by the roughly circular 
crevices giving the mass the appearance of an agglomeration of little 
spheres Fenner showed that it a thin translucid splinter of a silica 
brick be heated above 230° 0 , its transparency will be seen to increase 
suddenly, duo to the expansion bringing in contact the lips of these 
crevices. Cnstobalite is more stable at elevated temperatures than 
quartz, but less so than tridymite, into which it tends gradually to 
transform The conditions which promote the change from quartz to 
eristobalite, if piolonged, promote the change from eristobalite to 
tridymite In the portions of silica bricks vhich in use have been for 
some weeks at a temperature over 1400“ C , the traiisformatiou into 
tridymite is practically complete According to Fenner’s experiments, 
tridymite would only constitute the most stable phase up to 1480 ° C , 
and that between this temperature and the fusion point, 1780 “ C., 
eristobalite would be the stable phase, butLe Chatelicr points out that 
this conclusion is in opposition to his observation that m steel furnaces 
when the temperature is much higher than 1480° C, silica bucks are 
completely transformed into tridymite Fearnsides,'’^ with regard to 
this, points out that vvhen molten steel is run into a mould built up of 
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quartz sand with an aluminous or ferruginous clay bond, the silica grains 
in the burnt skin of the mould, after the casting has cooled, are 
myariably found with a pellicle of cnstobalite surrounding each cracked 
quartz gram, and this is quite in accord Tilth the view of Le Chatelier, 
that after heatings of short duration followed by rapid cooling, 
cnstobalite only is always observed The surfaces of some silica bricks 
from the crown of a Martin furnace which were examined had been 
fused, which infers a temperature of 1750“ to 1800“ C. A photograph 
shows very clearly the limit of the melted part, and the crystals of 
tndymite formed before fusion are preserved unchanged by their contact 
with this, and they are consequently still stable at 1750“ C Le 
Chatelier attempted to verily his conclusion that tndymite is the only 
variety of crystallized silica stable at high temperatures by heating to 
1700° C a small fragment of tndymite There was no indication of 
change into cnstobalite. The experiment is not regarded as decisive, as 
the temperature was maintained for two hours only Fearnsides, m 
attributed the quick-burning properties of true ganister to 
the presence of some small quantity of impurity which causes the 
change from quartz into tndymite to take place at comparatively low 
temperatures, \nd this is in accord vitli the view now advanced by 
Le Chatelier that tndymite is most readily formed from quartz by the 
intervention of some silicate flux or solvent in which the quartz is 
dissolved and out of which, when the solution becomes satuiated with 
silica, the tndymite crystallizes. Scott*"^ has examined a number of 
silica bricks which had been for many months at a temperature over 
1500° 0 and found that the hottest parts of the brick were entirely 
tndymite, but cnstobalite mixed with tridymite appeared some distance 
from the hot end, while towards the cool end there were partly 
converted quartz grams This further confirms Le Chatelier’s view as 
to the stability of tndymite Scott found that in unused silica bricks 
most of the quartz is still unaltered and this is confirmed by 
observations made by Fearnsides Fenner*^^ considers that the fact that 
tndymite is found m bricks which have been exposed to a temperature 
of over 1500° C is not contradictory of his conclusions but is 
consistent with the extraordinary sluggishness of inversion vhich he 
found to be a general feature of the silica minerals. Le Chatelier 
suggests that Fenner’s^’’ very exact experiments have been wrongly 
interpreted by their author It is, however, evident that further 
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carefully controlled experimental work is necessary before the question 
of the exact mechanism ot the changes from one form of silica to 
another can be answered Johns'"^ points out that in a seasoned silica 
brick in an open-hearth steel furnace the exposed face is darker and 
denser, more refractory, and capable of withstanding temperature 
variations without fracture From this dark portion, finely crushed, a 
magnet will remove up to 15 % of magnetic oxide of iron which is the 
stable oxide atfhigh temperatures, and does not combine with silica nor 
form a solid solution at high temperatures In Japan a ferruginous 
quartzite containing 4 5 % of finely disseminated ferric oxide made 
bracks more refractory and better capable of withstanding temperature 
changes than the usual sihca bricks It is, of course, only in an 
oxidizing atmosphere that the presence of magnetic oxide of iron in a 
silica brick can be an advantage Le Chatelier and Bogitch''’’ in 
determining the mechanical strength of silica bricks at high tempera- 
tures, obtained the following results on a “Star” (0SA) silica 
brick ■— 


Temperature, 

^'0 

Re.'i tance fco crushing, 
kilos persq cm 

IVmp'iature, 

°C 

Eesistdufc lo oruslung, 
kilos pel sq cm 

15 

170 

1200 

H5 

<520 

158 

1320 

62 

670 

150 

1-160 

50 

800 

139 

1510 

37 

950 

125 

16u0 

30 

1050 

120 




Extrapolation to 1'700° 0 gives 12 kilos per sq cm. as the, crushing 
strength, which is about 10 times the pressure of the superincumbent 
brickwork in the crown of a steel furnace, so that the stability of the 
bricks in this position is assured 

Nesbitt and Bell®® record experiments on the influence of pressure 
and fineness of grinding on the quality of silica bricks The pressure 
in making the bricks was varied from 187 to 2500 lb per sq in. 
Tests on slag penetration, impact strength, and linear expansion 
indicated that little was gamed by raising the pressure and obtaining 
a denser product In tests on bricks made from materials ground to 
pass 12,- 8,- and 4-mesh sieves, the fine ground material gave the 
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Stronger bricks but the coarser material gave the greater resistance to 
spalling The 4-mesh material pressed at 1500 lb per sq in ga; e 
bricks which had the same spalling loss as handmade bricks and as they 
were better shaped and finished, power pressing instead of hand 
making is advocated Le Chatelier and Bogite¥^ earned out experi- 
mental work which clearly indicates that the substitution of the 
impalpable powder obtained by grinding in a tube mill for the 
ordinary fine material considerably increases the mechaaical resistance 
of the bricks at 1600^ C— one of the most important properties 
influencing durability Test bricks were made using crude quartzite 
containing grains up to 4 mm square, impalpable quartz powder, finely 
powdered quartz (sifted through a 100 sieve), inth in each case 2 % of 
lime They were fired at Cone 19. Their results were — 




Density 

Crnsbing stiengtli in 
kilos per sq cm 

Composition of 
mixtures ^ 

expansion, 

% 

Apparent 

Eeal 

Cold 

AtieOD® 



Dried 

Burnt 

0 

7o Crude qmrtzite 
25 Impalpable „ 

2 Lime 

5 2 

1 63 

2* 3o 

15 

165 

30 

76 Ciude quartzite 
25 Fine „ 

2 Lime 

- 

- 

2*33 

10 

60 

8 

25 Crude quailzde 
75 Impalpable „ 

2 Lime 

i 3 9 

1-36 

2-35 

9 

135 

10 

25 Crude qiiartz.te 
75 Fine „ 

2 Lime 


- 

2-33 

6 

52 

3 


The most suitable mixture was that contaming 25 % of impalpable 
quartz powder and further tiials with other quartzites confirmed this 
These experimental results are confirmed by work carried out during 
1916 and 1917 at the Dunes Works (France) by Philippond® Test 
pieces were made with different varieties of French quartz ana 


69 Cmftes lend , 1917, 165, 742 , J , 1918, 8a. 

70 Compies Eend., 1917, 165, 1002 , J , 1918, ZOl, 
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quartzites and with Pas de Calais sandstone The conclusions drawn 
from the results obtained are (1) The crushing strength aftei drying 
and burning is proportional to the fineness of the quartz employed 
(2) Piiferant varieties of quartz were all equally capable of producing 
strong bricks if finely pulverized (3) The expansion during burning 
IS proportional to the size of the grams and is practically ml with 
bricks made with finely powdered quartz, (i) The strength after 
burning is fait-ly constant between 1 and 2 % of added lime, beyond 
which It decreases. As a result of these tests a formula was established 
for the production of the standard brick now manufactured at the 
Pune Works Quartz, quartzites, or sandstone containing at least 
96 % of silica IS used. The proportion of lime is reduced to 0 6 ^ 
(i e , 2 % on the impalpable material) and 30 % of impalpable powder to 
70 ^ of grains between 1 mm. and 8 mm. in diameter is used The 
bricks are burned at 1300° 0 in a tunnel kiln. The crushing strength 
(cold) IS 200 to 250 kilos per sq cm and the average expansion in 
burning is 1 6 %. The absolute density is about 2 4, the apparent 
density 1'9, and the fusing point about 1780° G At present bricks of 
this make have lasted over 200 charges in the open-hea^jth steel furnace 
and are expected to stand over 300 chaiges These important results 
should receive the attention of all silica brick manufacturers 

Magnesite liefmdoiies 

Considerable trouble has been experienced in electric and other high 
temperature furnaces with spalling in magnesite bricks, and this has 
been more evident in machine-made than in hand-made bricks. It has 
been considered that this spalling was due to shrinkage with a corre- 
sponding increase in specific gravity. Well shrunk bricks with a sp. 
gr of 3 7 are less prone to spalling as the change m volume on further 
beating is too small to set up serious strains J W Mellor’^^ considers 
that the remedies for spalling are to fire the bricks so as to secure 
the formation of a high proportion of /3-magnesia and to keep the 
porosity of the bricks reasonably low Le Chatelier and Bogitch'- have 
examined the refractory properties of various magnesite bricks, and for 
purposes of comparison a chrome brick 1. Styrian brick made in 1890 
2. Eubee brick made in 1910. 3 Brick of good present day manufac- 
ture. 4, Brick of medium quality made vuth the addition of 3 % of 
roasted iron pyrites. 5 Pure magnesite melted in the electric furnace 
6 Magnesite of brick Efo. 4 agglomerated in the electric furnace. 7. 
Chrome brick. 

Trans. Ceram 8oc., 1916-17, 16, 85; J, 1917, 551. 

72 Cmptmrend,m7, 185, 488, J., 1917, 1236. 
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Chemical Analysis, 
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All magnesite bricks show this sudden fall in strength above 1300“C. 
in proportion to their puiity Apparently the impurities suddenly melt 
in such a way as to leave the grams of magnesia isolated in the molten 
magma and they are then like wet sand, and possess only feeble 
mechanical strength The results indicate why magnesite bncks m 
furnace linings present less resistance than silicaj although their fusion 
temperature at ordinary pressures may be much higher. The rate of 
loss of strength m the chrome brick is analogous to that of the magnesite 
except that the rapid loss begins at 1100° C instead of 1300' C 
Gosrow"^ has used electric furnace shrunk magnesite ground to pass 
a 6-mesh sieve and mixed with 13 % of powdered (80-mesh) ferric o?ide, 
6 % of basic steel furnace slag, and 1 2 % of well boiled rar The mixture 
was rammed round a steel plate so as to make the hning of a Stassano 
furnace in one piece in position Brooke'^^ considers that the Styrian 
magnesite bricks owe their value to fine grinding, high preliminary 
burning, powerful hydrauhc pressure in making, and final burning at 
high temperature so as to secure the formation of /3-magnesia. 

73 Met. and Ghm. Mng , 1917, 17, 416 , J , 1917, 1236 
7^ Trane, Get am. Soa.^ 1916-17, 16, 205, (/,, 1917, 1273, 
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Zumm. 

iudley^^ iisetully sums up the occurrence, properties, and applications 
of Eirconia An account is given of the chiet results obtained by Kutf 
and Lauschke, and tables are given showing the melting temperatures 
and contraction of mixtures ot zirconia with other oxides Dense 
objects with a zirconia basis suitable tor use in exhausted carbon- 
resistance fupaces with reducing atmospheres can be burned in these 
furnaces at temperatures over 2000 ' C Suitable additions to the 
zirconia are— for burning at 2000 ° G., about 1 of alumina; at 
2200° C , about 1 ^ of thoria , at 2400° 0 , about 1 to 3 % of yttri.i 

Podszus^*^ has obtained good results in the manufacture of articles of 
pure zirconia by first ot all fusing tlie zirconia by embedding a caibon 
electrode in coarsely ground, calcined zirconia and heating tins liy the 
arc formed from a second carbon electrode. The zirconia is thus 
partially melted with the formation of some carbide which then ‘acts 
as an electrode ^ after a time the arc becomes quiet and fusion proceeds 
rapidly. The fused zirconia, which has a hardness between quartz and 
corundum, a sp gr of 5 89 and melting point about 3000° 0 , is then 
ground in a steel ball mill (any iron taken up hetng removed liy 
subsequent treatment with hydrochloiic acid) and moulded or pressed 
with or without the use of an organic bond By i educing a portion 
of the zirconia to the colloidal form the material can be rendered plastic 
and the process of slip-casting used. The articles are burnt at 2300°- 
2400° 0 in a furnace of the injector type constructed mainly of fused 
zirconia and heated with coal gas, petroleum, or acetylene and 
compressed oxygen. 

Rosenham^^ has purified crude zirconia by washing with dilute sul- 
phuric acid ; the iron oxide was reduced from 3 5 to 1 5 % with a conse- 
quent improvement of the refractoriness 

Meyer'^ refers to the use of zirconia as a surfacing material for silica, 
bauxite, or other refractories It is stated that a^thin layer of zirconia 
wuh a suitable binder renders the coated article highly resistant to slag 
corrosion 


A. de Reppen^*^ divides the French bauxites into three classes 1 . 
Bauxites with 60 % AI 2 O 3 , under 4 % Fe 203 , and only traces of silica, 

Trmis. Ceram. Soc., 1917, 16, 121 , 1917, 551 
Z. angew Ohemie, 1917, 30, 17 , J , 1917, 217 
Trms Taradag Soc , 1917, IS, 96. 

78 Bnck and Pot Li. J, 1987, 55, 121, 

78 Trans. Ceram. Soc, mi, 16, 32. 
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used by chemical works 2 Eed bairates with 60 % AI.O^ and 3 % 
S 1 O 2 for aluminium manufactiiie 3 White bauxites with 15 ^ AbO'j, 
traces of iron and much silica, for refractories. Average analyses of 
Var bauxite (nearly half the world’s supply) are— 

White bauxite Eed bauxite 

Alumina 58 to 61 % 50 to 65 % 

Iron oxide 4 to 8 12 to 25 

Silica 7 to 10 1 to 3 

Certain varieties contain up to 35 % of SiO,> 

Ceramics 

In Eussian Poland and South Western Eussia a good deal of earthen- 
ware IS made from a body containing limestone as one of its ingredients, 
and it IS suggested by TeichfehF that this class of cheap ware should 
be produced in this country The hiiished ware is about 10 % lighter 
than English earthenwmre Bmns and BlumenthaP’ have experimented 
with American raw materials for the production of china The formula 
used was kaolin 27, ball clay 15, flint 36, felspar 19 5, v biting 1.5, 
magnesium carbonate 1 Kaolin from various sources was used, but 
the other ingredients were from the same source m all the trials Their 
results indicate the possibility of producing from Ameiican materials, 
chinas which in appeaiance are equal to those made from English 
materials The American kaolins required lather more to make a cast- 
ing slip than the English The colour of the trials burned at cone 10 
was better than those burned at cone 9 
B Moore and J W Mellor®- have reviewed the work of Seger, Sosmau 
and Merrom, Brougniant, Jackson and Hopwood, Oruon, and others on 
the discolorations occurring in the manufacture of pottery and bricks. 
They conclude that the reddening of buff and w^hite clays is due to the 
formation on heating of free ferric oxide, alumina, and silica which at a 
later stage react with the fluxes present forming under reducing condi- 
tions bluish-gray or pale green colours and under oxidising conditions a 
pale yellow colour 

It IS suggested that blue or brown discolorations in bone china are 'due 
to the formation of ferrous phosphate and that a brown discoloration 
may he due to the formation of feiric chloride -which is later oxidised 
to red ferric oxide Keane®^ attributes the yellow colour of bricks to 
ferric oxide in a very finely divided scate and uncombined wnth lime 

80 Trans Cemm Soc , 1916-17, 16, 1 , J, 1917, 5i9 

81 Tran^ Amer Ce^am Soc,\m, 18, 619 

82 Ti an? Ceram Soc , 1916- 17, 16 58 , J , 1917, 5“)G 

88 J Thyo C'Am, 1916, 20, 734, 7, 1917, 138. 
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or siliu. Ferric oxide in a coarser condition gives a red colour to 
bricts. A lumina is considered to be of special importance in bricks which 
have a yellow colour when the ratio of free alununa to iron oxide is 
high and it is suggested that lime acts indirectly by setting free 
alumina Anhydrous yellow feme oxide has not been isolated, but 
it is stabilised by other substances Thus the buff coloration 
produced when aluminium hydroxide containing a small quantity of 
ferrous hydroxide is ignited is undoubtedly due to ferric oxide, as is also 
the yellow colour of slightly impure quicklime Clay associated 
with organic matter and therefore likely to contain oxide of iron 
in a fine state of division may burn to a buff colour with- 
out the lime or alumina content being high. As agglomeration 
increases with temperature yellow bricks might be expected to turn 
red if heated sufficiently, hut on the contrary red bricks become paler 
or even buff when re-hcated, and it is considered that this is due to the 
“ peptising ” action of alumina increasing to such an extent v itli the 
temperature as to render it the predominating factor 

Klein®^ considered that needles of sillimanite are formed in pottery 
bodies only to a slight extent between 1250“ and 1275‘^C and not at 
all at lower temperatures, being formed in abundance only above 1300"C 
He consequently claimed that it was possible to estimate the burning 
temperature of porcelain bodies from the development of siHimaiiite 
crystals in them, and that the duration of burning is less important 
than the temperature This view is criticised by J. AY. Mellor®^ who 
points out that Heath and Mellor in 1907®** showed that sillimanite 
crystals can develop abundantly m bodies which have never reached 
1200° 0 and that they develop more freely in particular mixtures. 
Mellor considers that silhmanite developments can be obtained by 
long firing at a lower temperature similar to those obtained at a higher 
temperature. 

Bleininger®" reviews the composition and behaviour of porcelains. 
He divides them into the following types : 1 American , 2 Hard fire 
{Austria, Denmark, France, Germany, Japan, and Sweden) ; 3 Soft 
(early French, Japanese, and Seger porcelain), 4. Bone China, 5 Parian, 
l> Refractory and special. 

American type porcelain is distinguished from European hard fire 
porcelain by the lower glazing tempeiature of the second firing alter 
ihe body has been matured by the first firing. Refractory and special 
porcelains include the well-known Marquardt body, in which by the 

US Buteau of S’andard\, Tech Tajpei 8D, y , 1916, 12i0 

85 Tran^ Ceram Soe 1916-17, 16, 71 , J , 1917, 550 86 1999^ 474. 
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addition of alumina to kaolin the composition of sillimanite is obtained. 
The minimum amount of felspar to gire sufficient vitrification is used 
Diagrams showing the relations between the porosity, contraction, and 
temperature are valuable in indicating the proper vitrification tempera- 
ture and the point of overfiring resulting in the formation of a vesicular 
spongy structure xiddition of quartz reduces the drying shrinkage 
and prevents warping, and in firing it forms the skeleton of the body, 
increasing its rigidity and preventing deformation. The solution of 
quartz in felspar apparently commences at about 1325“ C , it is marked 
at 1375“ 0, and above 1425° C practically no quartz grams remain 
undissolved. N o indication of the transformation of quartz to tridymite 
or cristobalite has been observed, which Klein suggests may be due to 
solution taking place more rapidly than transformation to other 
crystalline forms. Quartz previously calcined appears to give better 
results than the raw ground material The mechanical strength, 
thermal, electrical, and chemical properties of porcelain are discussed 
It IS observed that the resistance of chemical porcelain to sudden heat- 
ing and cooling is usually determined by heating the specimen to red- 
ness and eithei cooling it rapidly in a current of cold air or quenching 
it in water, and it is suggested that the more systematic procedure 
would be to heat specimens to a definite temperature and to quench 
them suddenly in water, noting the number of such treatments they can 
withstand ; 200° C. is suggested as a suitable temperature, or a senes of 
tests commencing at 150° 0. and rising by steps of 10° C 
Klein®® has investigated the micropetrographic characters of the clay? 
felspar-quartz, felspar-clay, and felspar-quartz-clay bodies burned at 
known temperatures, and also of commercial bodies of various grades 
from white ware to hard fired porcelain. Among the conclusions reached 
is that in quartz-clay-felspar bodies, at 1310° C, the felspar is present 
as a glass and the clay is almost completely dissociated with the forma- 
tion of chiefly amorphous silliraanite (but little crystallized silbmanite), 
the quartz remaining undissolved At 1380°-1400°0 little quartz 
remains dissolved and the sillimanite is in the crystalline form 
Montgomery and Babcock®^ describe deformation and rapid heating and 
cooling tests. In both tests the European porcelains were found to be 
superior to American It is suggested that a chemical porcelain should 
not deform below cone 25 and should be fired to cone 16, at which 
temperature the glaze should mature. An experimental body made from 
80 clay, 10 flint, and 10 felspar was found to be as satisfactory 
under test as Eoyal Berlin. 

Tram Amer Cemn, Soe, 1916, 18, 377, J , 1916, 1220 

Trans. Amer. Ceram. Soe, 1916, 18, 88 , J , 1917, 715 
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Hertwig^'^'^ maintains that good porcelain for vessels can be produced 
at cone 8 or even at cone 7. In three cases porccLun with 30 % felspar 
addition developed niimerous blisters on the glaze ^ this defect vas 
traced to the use of a coal which slagged, and it was avoided by the 
addition of a little chalk to the body and the introdiictioii of a larger 
quantity of pitchers into the glaze Howat'’^ gives the analysis of a 
Marquardt pyrometer protection tubs as SiO>, 35 12 ^ AljO^, 63 20 , 
and KiiO, 1 65^% A body of this composition has been piepaied in 
the Bureau of Standards laboratory and tubes made from it arc giving 
satisfactory results Above 1350" C the glaze is apt to stick, but 
improved glazis were under test. At 1450“ C the resistance to de- 
formation IS equal to that of the Marquardt tiihes and the general 
resistance to temperature changes is equal to that of the imported tubes 
Watkin'^^ places the properties required m chemical porcelain in the 
following orfler of importance — ( 1 ) Kesistanee to sudden changes of 
temperature , (3) resistance of the glaze to the action of chemical 
reagonis , (3) the fusing point of the glaze should he well above the 
mavimum temperature at which the articles are generally used An 
account of the manufacturing processes is given and refojenee is made 
to the G-erman and English methods of testing the finished ware The 
opinion was expressed that there is now no seiious need to go abroad 
for any chemical porcelain apparatus and the indications are that 
porcelain of home production, superior to the German makes, will soon 
be available. Howaf’'^ has studied the softening points of steatite — 
potash felspar Mixtures of steatite and Maine or microclme felspar 
were made into small cones and rapidly heated m an electric furnace to 
800“ C and then at the rate of 3 5° C per minute until they deformed 
It was found that with either felspar the eutectic contained 17 %-23 % 
of steatite. 

Wunder'’^ describes a method used to combine casting, the bringing 
up of the imder-glazej and the glazing in one oper.ition, so that the 
object from the mould, as soon as it is air dry, can at once be set for 
glost firing The mould is first fiillcd with glaze, emptied again 
immediately, filled in with suitable thinly mixed under-glaze colour, 
again emptied, and finally the mould is filled with the casting slip. 
After the desired thickness is obtained, if the object is also to lie glazed 
inside, the mould is emptied once more and immediately filled with 

90 SpeeJisad, 1917, 50, 152 
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glazs again. By this method, also, compound porcelain bodies have been 
made which endure several heatings and sprinklings with cold water, 
and in their resistance to abrupt temperature changes appear superior 
to the best German porcelain, although the compound layers consist ot 
low-softening masses 

Kirkpatrick^*^ has investigated the systems, felspar-ealcite and 
felspar-maguisite. He concludes that the system orthoclase-ealcite has 
one well-defined deformation point maiimam with 27 calcite and 
two well-defined deformation-poiiit eutectics with 3 % and 50 % calcite. 
The system orthoclase-magnesite shows one eutectic point at 3% 
magnesite The system albite-calcite has a long eutectic range from 
10 % to 55 % calcite, and the system albite-magnesite also has a long 
eutectic range at from 5 to 20y^ magnesite The lowest fusion point with 
calcite mi vtures occurs at cone 01 with 25°/ calcite and 16% albite, 
and With magnesite mixtures at cone 1 with 15% magnesite and 85 % 
albite The results tend to mlicate that felspars are decomposed by 
calcite but not by magnesite It is suggested that the best types ot 
Bristol glazes lie in eutectic areas of the orthoclase-calcite system. 
Watts^**" has studied Bristol glazes compounded on the ‘"noim” basis. 
Two series, each containing 45 mixtures, were prepared of the felspar- 
willemite-wollastonite series and the felspar-willemite-aiiorthite series. 
The glazes of Senes I do not opacify if 0 5 or higher equivalent of 
felspar is present or unless the willemite exceeds 0 25 equivalent 
At cone 4 the mixtures approaching the teniaiy eutectic have a brilliant 
gloss and towards the villemite end of the triaxial diagram a satm-like 
texture is developed , the other mixtures are matt or pinholed. In 
glazes of Series II mixtures containing less thanO 26 CaO or more than 
0 25 ZnO tenl to be opaque Crazing only occurs with mixtures 
containing above 0 5 felspar or less than 0 25 CaO All the glazes in 
this series are matt The general evidence obtained indicates that 

(1) the temperature of maturity of a glaze is considerably lower if the 
lime IS present as wollastonite norm than i! present as anorthite norm , 

(2) the presence of anorthite norm tends to produce slips while the 
presence of wollastonite norm tends to produce glasses. The presence 
of willemite norm materially lowers the temperature of maturity of the 
glaze from that obtained by either felspar-wollastonite or felspar- 
anorthite mixtures , (-i) a low felspar content is necessary to avoid 
crazing and more than 0 25 equivalent willemite norm must be present 
to make the glazes glossy The same author'^' has studied Bristol 

95 Tian<i Amei Ceram 1916, 18, o75, J, 1917, 714* 
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glazes compounded on the eutectic basis. The most fusible mixture of 
modern Bristol glaze type was found to be obtained by mixing Canadian 
felspar 59 62, whiting 8 03, zinc oxide 6 50, Florida haolin 13 '81, and 
flint 12 04 % corresponding to (0 4 KNaO, 0‘3 CaO, 0*3 ZnO) 0 60 AI 2 O 3 , 
3 55 S 1 O 2 . It deformed at cone 03 Glazes were made of tins and 
allied mixtures and burned at cone 03-01 and cone 4 and it was found 
that there is a rapid increase of glossiness with a slight increase of 
felspar, greater Vhite opacity with more ZuO, and a greater cream 
opacity with more CaO HilP^ has examined the results of Purdy’s 
experiments on the effect of clay on the fusibility of Bristol glazes 
As these experiments left some doubt as to the amount of clay required 
for different proportions of CaO and ZnO to form a fusible glaze, a 
series of glazes to cover additions of clay between those used 111 Purdy’s 
two series was planned With an AI 2 O 3 S 1 O 2 ratio of 1 6 and 
CaO ZnO of 3 1 any addition of clay up to 0'3 equivalent was found 
to render the glaze more fusible and Purdy’s results were confirmed, but 
with CaO ‘ ZnO = 1 1 , clay was found to increase the fusibility up to 
0‘02 equivalent and further additions to decrease it Glazes containing 
0’30 equivalent of clay were found to be more refractory^ than those 
containing less clay or none, although according to Pardy’s results 
this equivalent of clay is present in the most fusible glaze of its type. 
Within the limits studied, the most fusible glazes wore those 
with a CaO . ZnO ratio of 3 1 and an increase of either base reduced the 
fusibility. It IS suggested that if Purdy had added silica instead of 
clay to his earlier senes of glazes the fusibility would have been 
increased and that the fusing point of these glazes would have been 
higher if clay alone instead of a mixture of clay and flint had been used 
Parmalee and Williams, investigating fritted leadless glazes lor 
sanitary ware, found that for burning at cone 7 the best range of liO in 
the glaze was within the following limits .—0 4-0 6 K 2 O, 0 - 0 ‘3 ZnO, 
and 0'4~0 6 CaO, the other oxides being 0'5-0‘6 AlgO^, 5 S 1 O 2 , 0’5 B 2 O 3 
The glazes higher in lime were dull and those with more than 0 3 ZnO 
were liable to blister The use of soda m place of part of the potash 
increased the range within which good glazes could be obtained. 
Glazes within the limits mentioned do not craze hut become opalescent 
with an excess of alkali or boric acid. The most satisfactory glaze 
obtained was composed of '—hi' nitre 1212, whiting 400, bone acid 
1860, and flint 2520; Mill hatch ■ frit 1450, whiting 366, felspar 1671, 
Florida clay 516, and flint 240. Keeler^®^ has shown that for ordinary 
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terra-cotta glazes the following limits are safe -— 0 * 5-0 4 KlSfaO, 0 ‘ 1 ~ 
0*6 CaO, 0 1-0*4 ZnO, 0 02-0 1 MgO, 0 02-0 3 BaO, 0-0 6 PhO, 0 * 2 - 
0*5 AI 3 O 3 , 1*5-4 S 1 O 2 , and 0 02-0 15 Sn 02 . High alumina and low 
silica tended to produce immature glazes with a tendency to flow and 
to craze when fused. Low alumina and low silica induced crazing^ 
pinholes, and immaturity, and the stannic oxide was not dissolved. 
High silica and alumina produced heading, immaturity, and wavmess 
but crazing was not observed. Low alumina and higlf silica gave fairly 
bright glazes showing waviness and becoming rougher with an increase 
in alumina. For good matt glazes it was found desirable to use a hard 
felspar and a mixture containing at least 0*35 K 2 O, less than 0 35 ZuO, 
and low CaO For clear glazes 0 3 K 2 O, 0 3 CaO, 0 3 ZnO, 0 05 BaO, 
and 0 05 MgO gave good results at cone 4 
Pukald'^^ and BeideP'^'^ have investigated the most suitable formulse 
for earthenware glazes without boric acid As an example the latter 
worker gives *—0 2 K 2 O, 0 1 Na 20 j 0 1 ZnO, 0 1 MgO, 0 5 BaO, 0 16 
AI 2 O 3 , 1*52 S 1 O 2 , the frit for which is made from felspar 559, anhydrous 
pearl ash 138, calcined soda ash 106, zinc oxide 81, magnesite 84, 
barium carhonate 978, quartz 480. For the mill 155 parts of Zett- 
litz kaolin is added to 2080 of the frit 
Mellor^®^ found that when a certain alkali-lime-boric frit was heated 
m the usual manner it developed blisters. These were found to be due 
to 5*41 % of water which entered into combination on grinding the 
frit in a wet state. When dry ground this fiit gave no trouble. B. 
Moore had previously noticed the phenomena with other frits contain- 
ing alkali 


Enamels 

Kirkpatrick, Arnold, and Geiger^®^ have endeavoured to apply an 
enamel coating to a stiff plastic column of clay extruded through a die, 
the column being afterwards cut into bricks It was found that the 
addition to the enamel of 1 % of starch or 0*3-0*5 % of gum tragacanth 
gave the desired range of fit to bodies of varying composition and 
shrinkage Promising results were also obtained by the addition of 
sodium silicate and oxalic acid to the enamels Danielsen^<^° has 

102 Brick and Pottery Tr J , 1917, 25, 107 , Spechaal, 1917, 17, 2o, 31, 50, 
88 , Trams Ceram 80 " , 1916-17, 12, 108 
123 Spieehsaal, 1917, 50, 72, 104, Tiam Ceram Soc, 12, 1916, 109. 
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investigated the effects of variation m the composition of ground coats 
for sheet-iron enamels. In an enamel corresponding to 0 25 K 2 O, 0‘5 
0 25 CaO, 0 15 AI 2 O 3 , 2 0 S 1 O 2 0-5 B 2 O 3 , 0 25 F, part of the 
hrst three oxides was replaced by 0 0l~0 04 OoO, or by 0 01-0 05 NiO, 
orby 0'02-0 114 MnOa, or by equivalent mixtures of these oxides. 
The series gave good results as regards toughness but did not make a 
good smooth ground coat when flint was added to the enamel batch 
The best ground coats were obtained with a mixture containing 0 4 OoO 
5 ,nd 0 75 NiO which was heated on the steel until the enamel turned 
black. White grounds are considered to be not certain enough for 
commercial practice and the use of cobalt and nickel is advocated for 
the production of good coats. EyeF*^^ produces antimonates of alkaline 
earths, aluminium, magnesium, zinc, tin, zirconium, beryllium, etc , for 
use as clouding agents for enamels by heating a mixture of antimony 
oxide and a metal oxide with ammonium nitrate until all the latter is 
driven off. Borate of lime minerals such as borocalcite or colemanite 
may he used for the production of enamels for iron^®® if they have been 
previously melted with a relatively large quantity of glass. The glass 
employed preferably contains a high percentage of alkali and may also 
contain boron, lead, or fluorine compounds. 

As an opacifler for enamels the use of zirconium borate supei saturated 
with zirconia (e y., Zr 02 , 2 B 2 O 3 + 4 Zr 02 ) is suggested i®'-* The materials 
are fused with cryolite or other alkali fluoride. It is claimed that 
this material has a much greater covering power than ordinary zircon- 
ium borate and does not cause the enamels to become spotty and dull 
Mayer 'and Havas^^® prepare an opaque white enamel by adding a 
mixture of titanic oxide and zirconium oxide to the enamelling 
material. 


Kilns. 

L. B. Barringer^^^ describes an efiicient continuous kiln for the 
burning of porcelain. It consists of a straight tunnel 1 97 feet long 
with a firing zone (ISOO’-HOO® C.) rather nearer the discharge end. 
The combustion takes place in a chamber separated from the mam 
tunnel by a narrow wall, and the air is preheated by being drawn from 
the discharge end through the goods which have passed on cars through 
the firing zone. The hot gases pass from the combustion chamber into 

107 Eng. Pat. 11083, 1915, J, 1916, 839 

108 Eng. Pat 101802, J,, 1917, 388. 
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the mam tunnel through tuykes and a portion of the preheated air is 
deflected into the chamber to complete combustion. The products of 
combustion then pass towards the entrance and heat the incoming 
goods. The temperature of the gases leaving the tunnel is about 200" 0. 
No details are given as to the fuel consumption in i elation to the 
weight of goods fired 

In the improved Dressier kiln the weight of coal used is only 6 % of 
that of the clay goods burned at 1000" C and 8 ^ .when burned at 
1200" 0 

S T Wilsoid^^ has dealt with the firing of pottery ovens mainly 
from the point of view of fuel consumption, mdieatmg the sources of 
waste. It is considered by this author that while continuous regenera- 
tive ovens may be economically used for burning firebricks and for high 
temperature ware which is not damaged by the action of combustible 
gases impinging on them, they cannot possibly be used successfully for 
china or earthenware 


Building Materials 
Buds. 

BurehartZjii® from a grouping of all the types of bricks tested at the 
Materialprufungsamt between 1907-1913, proposes the following 
specification for clinker bricks, hard-burnt building ware, and best 
building bricks 


- 

Clinker brick 

Hard-burnt 

■ware. 

Best building 
bricks 

Volume -weight m grms 
per c c (f j 

1 85 

1-75 

1 60 

Specific graTity (^) 

2-6-2 7 

2 6-2-7 

2 6-2 75 

r 

Impermeability 1--^ 

0-29-0-32 

0 33 0-36 

0-39-0 42 

Crushing resistance m 
kilos persq cm. 

350 

1 

250 

150 


The loss m strength when saturated with water should not exceed 
15 %, and after freezing should not exceed 25 %. The bricks should 

112 Trans Oeram, Soc , 1916-17, 12, 304 ; J, 1917, 1273 
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be free from lime m lump form and finely divided lime should be 
present m small quantities only 

Dr Boehme, of Berlind^'^ has made a senes of tests, using cubes of 
brickwork 10 m by 10 in by 9 5 m , and found that the composition 
of the mortar has a marked influence on the strength which a wall will 
develop. One series of bricks used had a crushing strength of 263 tons 
per sq in. With mortar composed of 1 part of lime to 2 of sand, the 
cube crushed under only 116 tons per sq m,, or 44% of the crushing 
load of the individual bricks With mortar composed of 1 of lime to 
1 of cement to 6 of sand, the strength was 48 %, with 1 of cement to 
6 of sand it was 55 %, and with 1 of cement to 3 of sand it was 63%. 
In tests carried out at Toronto, pieces 9 in square in section by 24 in. 
high had from 12 % to 29 % of the strength of the single bricks ivhen 
laid in lime mortar, and 26 % to 61 % when laid in cement mortar. With 
piers tested at Watertown 24 in to 120 in. high the ratio was from 
11% to 26% for lime mortar. The Institute of British Architects 
tested piers 18 m. by 72 in. high and found strengths of 13 % to 22 % 
for lime and 17% to 47 % for cement mortar. The tests indicate that 
the strength of brickwork is greater in small volumes thjy;i m larger, 
and that mortar containing cement gives better results than mortar 
containing lime. 

Diamour^^® has examined sand-lime bricks with a view to deter- 
mining whether they wiU endure the prolonged effect of heat such as 
they would be exposed to in the foundations or outer walls of furnaces 
. and whether they are sufficiently resistant to the action of hot fumes to 
warrant their employment in the flues, chimneys, and walls of furnacea 
The tests were made on bncks containing 78 1 % silica, 14*1 % lime, 
and 6*8 % water and carbonic acid, and it is concluded from the results 
that these bricks are quite unsuitable for such purposes. Johns^^<^ 
has, however, successfully used Midhurst sand-lime bricks as an open- 
hearth steel furnace lining, These bricks were made from carefully 
selected and well-graded sibca sand, sufficient lime being added to form 
a bond of hydrous lime sihcate (probably CaSi 03 ,H 20 ) when subjected 
to high steam pressure for some hours in an autoclave 

Emley^^^ gives a detailed account of the manufacture of sand-lime 
bricks and discusses rests for crushing strength, transverse strength, and 
absorption of water, and also freezmg tests and fire tests 
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Cemnts and Com etc, 

CampbelP^^ lias carried a step further his inveBtigation on the 
constancy of volume of Portland cement. From an examination of 
some of the test bars for periods extending m some cases to 14 years 
the previous conclusions as to the injurious effect of free magnesia are 
confirmed The effect on volume change of fineness of division of the 
cement was investigated and the conclusion drawn that with a finely 
divided cement expansion is much less than with a co'arser cement of 
similar basicity. The same author, discussing^^^ the conclusion of Le 
Chatelier that the two essential constituents of Portland cement are 
tncalciuni silicate and tricalcmm aluminate, finds that free lime is 
always present in cements prepared accordmg to Le Chatelier’s 
formub, as is also the case with cements made in accordance with the 
formula of Newberry, who concluded that the essential constituents are 
dicalcium aluminate and tricalcmm silicate Experiments are described 
which support the view that tricalcmm aluminate is to be regarded as 
either a saturated solid solution of GaO in fiCaOjSALOs, or as 
5CaO, 3Al20a with four molecules of CaO of crystallization, rather than 
as a definitecphase stable at all temperatures up to 1535° 0. 

Nitzsche^^® has compared the behaviour of Portland cement and 
blast furnace slag cements m water containing 1 % to 1 5 % of sulphuric 
acid, and concludes that although the acid solutions used were stronger 
than those likely to come in contact with concrete under ordinary 
conditions, the tests show that the blast furnace slag cements have the 
greater lesistance to acids. 

Abrams^^^ has found that the rate of application of load has an 
important influence on the compressive strength of concrete. A 
machine speed giving a shortening of the test piece of 0 01 to 0 02 
inch per minute per foot of length is recommended 'as a standard rate 
for compression tests. Edwards^^^ has investigated the influence of the 
grading ot sands and consistency of mix on the strength of plain and 
reinforced concrete. The results do not indicate any definite relation 
between the compressive strengths of 1:3 mortar cubes and of the 
concretes produced from the same sands 

Kitts^-^ discusses the economical proportions for Portland cement 
mortars and concretes, Billmgs^^^ gives an account of a specially made 
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high-silica Portland cement used in the construction of a large concrete 
dam in Spain. The high-silica cement resists disintegration from 
exposure to the action of gypsum, alkali, and sea water, where high- 
alumina cements suffer serious damage 
The use of concrete has proved unsatisfactory. in some of the and 
regions of the United States in which the soil contains free alkalisd^s 
It IS suggested that m such regions only a dense conciete made with 
not less than 1 part of Portland cement to 3 of aggregate vith a 
minimum quantity of water should be used The disintegration of 
porous concrete is due to the expansion of crystalline salts absorbed 
from the soil, and this absorption is not prevented by tar coating or 
cement grouting 

Harrison^^^ traced the cracking of numerous structures of reinforced 
concrete in the Philippines to the presence of sodium chloride in the 
concrete mixture or in the water for wetting down the freshly set 
material The failures appeared to be duo to the bursting action of 
iron oxide formed in continuously increasing quantity around the 
embedded metal by the alternate formation and decomposition of 
ferric chloride , 

Jackson^^^ has studied the effect of grading the aggregate on the 
hardness and toughness of Portland cement conorete road-making 
materials The results of his experiments indicate that in road 
construction greater resistance to wear would be obtained by increasing 
the coarse sand over the usual practice 
Hart^^^ describes a useful method for the approximate determination 
of the proportions of sand and cement m hardened concrete 
Reeve and Lewis^^® consider that the difference m behaviour of 
various types of rock used in bituminous conorete road construction is 
due to differences m the surface character of the rock particles, the 
glassy surfaces of some particles failing to hold the bitumen so well as 
the rougher surfaces of others. It is considered possible by laboratory 
hardness and toughness tests of the aggregate to predict their relative 
behaviour in service. 


Rose and Lisse,^®'^ in an investigation on the decay of Douglas firs, 
obtained results indicating that the lignin is more resistant to decay 

125 XI 8. Bur&iv. of Standards, Tech. Taper 95 
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than the cellulose, but does not appear to decay ninformlv, the portion 
first attacked being that which yields acetic acid and farfural on 
hydrolysis, and the more resistant that wbch yields methylfurfural on 
treatment with strong hydrochloric acid, and methyl iodide when treated 
with strong hydnodic acid 

The Carbo-Teredo process has been found effective in Aiistralia^^^ 
m preseivmg wood against SjjJiaeiomit gujantm and other borers 
prevalent in Australian harbour works and on land ag.iin&t the attack 
of white ants. 
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METALLURGY OF IRON AND STEEL, 

By C. 0 Bannister, F I C , Assoc R S.M. 

Consulting Metallurgist) Messrs Edward Eiky c& Harbord) 

16, Victoria Street, 8,W. 1 

During the two years under review there have been no far-reaching 
developments in general practice, hut much progress has been made 
in minor improvements, such as in the preparation and handling of 
materials, in the construction and equipment of furnaces, and in the 
recovery and use of by-products There has, however, been very 
considerable development m the number and variety of electric 
furnaces used for making steel and this subject is deajf; with under 
the section on Electrochemistry (p 276). 

Blast Furnace and Foundry Practice. 

The charging of materials into blast furnaces is dealt with by 
J. E Johnson, Jun.^ The method of obtaining uniform distnbution 
and a satisfactory worbng down of the charge are considered and \ anous 
types of furnace tops are desenbed and discussed The same author 
has contributed a large number of articles on blast furnace practice 
which will be found in the numbers of Metallurgical and Chemical 
Engineering for 1915, 1916, and 1917. The methods used for charging 
blast furnaces in early English installations are described by F C. 
Roberts® and these are compared with modern charging apphances 
as used in the United States. A mechamsm has been patented by 
A. C. Nelson* for ensuring a better distribution of ore, coke, and 
limestone in blast furnaces, m which this distribution is accomplished 
by means of blades. 

B G. Klugh^ deals with mechanical developments in the methods 
of sintenng materials preparatory to blast furnace smelting. Types 

1 Met andOhem JBng , 1915, 13, 161, 227 

8 Iron Age, 1915, 45, 192 

5 Iron Trade Eeweiv, I9l7, 60, 154 

* Iron Age, 1915, 96, 1000 (Paper read before Am Iron and Steel Inst ) 
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of appliances are described in wbicb tbe storage bins are on tbe ground 
level and elevated above tbe ground level respectively 

Tbe use of rotary kilns for tbe agglomeration or nodulising of iron 
ores IS described by S. E Doak,® wbo states that desulpburisation 
oan be combined witb .agglomeration, provided tbe bln is sufficiently 
large and tbe sulphur does not exceed 6 to 7%. A kiln 60 feet by 5 feet 
IS capable of treating 1500 tons of low-siilpbur ore per month, and 
about half this quantity of bgb-sulpbur oxe. • 

Tbe question of a.i supply for blast furnaces has received much 
attention and many descriptions of modem blowing plants have been 
given ; among these may be mentioned tbe blowing and power plant 
installed by tbe Millom & Askam Hematite Iron Company ® There 
are three turbo-blowing sets each capable of delivering 30,000 cubic feet 
per minute at 8 lb pressuie when running at 2800 revolutions per 
minute, at which speed tbe turbines develop 1280 brake-horse-power 
with a steam consumption of 13 9 lb per brake-horse-power. 

A description is also given of the blowing plant at the Barrow-in* 
Eurness Works of tbe Barrow Hematite Steel Company ’’ Tbs is 
tbe first plant atranged for supplying air to blast furnaces and Bessemer 
converters When used for the blast furnaces air at 12 lb pressure 
is supplied and for the Bessemer converters the air is delivered at 
30 lb. pressure 

The theoretical considerations on which dry-air blast practice 
depends are discussed by J E Johnson, Jun who describes a dry-air 
plant designed by F C Eoberts & Co , and also tbe Carrier dry-air 
blast plant The design oi a recent two-stage compression refrigerating 
plant® by L Sterne & Co is also described and illustrated. The two- 
stage refrigeration adopted permits a reduction m the size of the plant, 
and the new Heenan cooler which is used, takes up less space than that 
required by the older pipe system 

B F. Burnan^® deals with the influence of composition of air-blast 
on blast-furnace working and points out that the amount of water- 
vapour present is most harmful The water can be eliminated by 
coohng, but tbs is an expensive operation, and an alternative method 
is suggested which consists of employing a blast with graduated amounts 
of oxygen present. Formulae for working out the necessary amounts 
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of oxygen are given The employment of oxygen blast for the blast- 
furnace and its efiect on the furnace itself is also discussed by 
J, E Johnson, Jun The effect of the enrichment of the blast 
by addition of sufficient oxygen to bring up the contents to 23% by 
volume is calculated by H Blome The increase of oxygen increases 
the heat in the melting zone and reduces it m the shaft of the furnace, 
and can only be used with advantage on furnaces working with waste 
gas at a high" temperature, and with charges so arranged to allow an 
increase in the indirect reduction of the ore In these cases advantages 
will be obtained from a lowering of the waste gas temperature, a 
reduction in the carbon required for direct reduction, a reduced 
consumption of gas for heating the stoves, and reduced power for 
blowing. 

The present tendency is to mcrease the tempciature of the blast in 
many iron^ furnaces, and in the manufacture of spiegel and ferro- 
manganese the maintenance of high blast temperatures is of particular 
importance There is frequently, however, a very marked drop in the 
temperature of the hot blast between the stoves and the furnace This 
is affected hy the size and length of the hot blast mams and connections, 
thickness of the limngs, volume and temperature of air passing, outside 
temperature, etc K. J Wysor^® points out that insufficient insulation 
is the cause of this loss of heat and makes suggestions as to better 
methods of insulation 

The heat balance of a blast furnace stove has been worked out by 
B. S G- Knight ,1* the final figures showing on the credit side, sensible 
heat m the gas 7 3% heat of combustion of the gas 92*7% and on the 
debit side, heat taken by blast 63*3%, heat taken by moisture in blast 
2*6%, heat carried ofi by the products of combustion 29 1%, and heat 
lost by radiation 5 0% 

The cleaning of blast furnace gas has received a large amount of 
attention, and C C Lynde^® shows that hy washing the whole of the gas 
from Hast furnaces, economies arc secured in cost of operation, upkeep, 
relimng of stoves, coke consumption, repairs to boilers, etc The 
Brassert-Bacon washing and drying plant is described, and details 
are given of the mode of operation At the South Works of the Illinois 
Steel Company,^® the whole of the gas produced by the blast furnaces 

Mech Engineer, 1915, 36, 188 See J., 1915, 997 
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is wasted. Tte Brassert two-stage system is used, m wMch vertical 
towers are employed, eact tower being capable of dealing with tbe 
entire gas output of one furnace. Since tbe whole of tbe gas bas been 
washed it bas been found possible to maintain a temperature of 
1200° B from stoves Which gave a temperature of 800° F only with 
unwashed gas. The relative advantages of the dry hot and the cold 
wet methods of cleamng blast” furnace gas are discussed by L Bradley, 
H. D. Egbert, and W W Strong, and the dry hot methods are shown to 
have many advantages over the wet methods. The electrical precipita- 
tion of dust in blast furnace gases by the Cottrell system has been used 
at the works of the Bethlehem Steel Company, and this was described 
by its inventor” at the annual meeting of the American Institute of 
Electrical Engineers The principle on which the success of this 
process depends is that if a needle pomt be placed opposite a fiat 
metallic plate, and the two be connected with the poles of a high-voltage 
direct-current supply hne, the gas molecules between the point and the 
plate are charged with electricity and any dust particles are similarly 
charged, move towards the plate and stick to it. 

The possimlity of recovering potash from blast furnace gases is 
of considerable importance in view of the present shortage, and C. 
Catlett” gives some approximate estimations of the amounts which 
could be saved, chiefly as potassium cyanide. The results of investi- 
gations on the recovery of potash from blast furnaces published by 
E J Wysor-® are discussed by C Catlett The investigations were 
carried out chiefly at the furnaces of the Bethlehem Steel Company 
where, during an exammation of the efficiencies of the stoves, an 
analysis was made of the fine yellowish fume obtained from them. 
This fume was found to contain 15% of water-soluble potash. Pre-war 
prices did not justify the recovery of the potash, but since the com- 
mencement of the war, the dust has been disposed of at a good profit 
The potash charged into the furnace as constituents of ores, fuels, 
and fluxes finds its way out, in chemical combination in the slag, 
as cyanide or other volatile or inflammable compound through the 
iron and cinder notches, hyliqmd exudation or decomposition from gas 
round the tuyeres, coolers, etc., by combmation with the brickwork, 
as an accretion in the form of cyamde, and by evolution in the gas. 
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In the gas-cleaning practice at South Bethlehem there is a loss m the 
primary washers of over half the total potash charged, or about 12 lb 
per ton of pig iron produced, and it appears that about two-thirds of the 
potash charged is now lost in the wash waters and stack gases 

The treatment of flue dust to rendei it suitable for subsequent blast 
furnace treatment has received some attention. The Baggaley^^ 
process consists in mixmg it direct with molten iron About 500 lb 
can be treated per ton of iron used, and the product is said to be suitable 
for lenielting at a mimmuia cost. The sintering plant of the Indiana 
Steel Co , for the treatment of flue dust is described by H C. Estep 2 * 
This plant consists of two rotary kilns 90 feet long, and 9 feet in diametei 
The flue dust enters at one end and slowly moves to the discharge end, 
the kilns rotating once per minute Coke-oven gas is used as a fuel, 
the gas burner being introduced at the lower cud. A scraper chain is 
provided in older to assist the passage of the material through the kiln 
and prevent it stichng to the sides A briquetting press - ‘ suitable for 
dealing with flue-dust is also described The economic handling of 
blast furnace slag is an important item, and the Croxton chain 
system of handling blast-furnace slag is described and illustrated by 
E. L Prentiss The slag is iiui into beds across the bottom of which 
heavy chains are laid m parallel lines about 30 inches apait, -with the 
ends extending upwards and out of the bed After a time the ends 
of the chains are attached to a crane and pulled out through the slag, 
thereby breaking it up into small sizes which can easily be removed 
A large amount of slag can be handled by this system with the minimum 
amount of dust and the avoidance of the disadvantages of steam which 
arise from the granulation of slag by means of water. 

In foundry practice much attention has been paid to the introduc- 
tion of iron turnings and scrap into cupola charges, and also to the 
introduction of steel scrap for the manufacture of scmi-steel A 
machine has been designed by the Stonehouse Works Company^® 
West Bromwich, for bundling strip cuttings, scrap, and swarf. A bundle 
IS nip,de and withdrawn in two minutes, 2 horse-power being required 
to drive the machine The use of pressed cast iron turnings m the 
cupola charge has been dealt with by R Eiohtner” m a series of articles. 
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The results of experunents carried out indicate that well pressed 
biiquettes of cast iron turnings can be economically renielted in cupolas. 
Excessive loss was not found to take place with charges of pig and scrap 
with 30% briquettes, although the total loss of iron increased pro- 
portionately to the addition of briquettes and the proportionate loss of 
silicon increased with additions of briquettes ; the loss of carbon did 
not materially decrease nor did the amount of sulphur absorbed 
The same subject received attention from J A Murphy® * m a paper read 
before the American Foundrymen’s Association at Cleveland, September, 
1916, in which the practice of introducing bormga and steel chippings 
into the cupola inside lengths of iron pipe is described. 

The manufacture of semi-steel by the introduction of steel scrap 
into cupola charges has been described by D McLain®® and Y. A. Dyer®® 
who give details of the requirements to be met and the tests obtained 
from suitable charges. Results obtained on a practical scale by the 
addition of varying quantities of steel scrap to cupola charges are 
given by G S Evans, who shows that the chief causes of failure in 
the production of semi-steel are lack of proper attention to the cupola, 
improper composition of mixture, and incorrect pouring temperature. 

G Hailstone*® gives the results of an investigation of liquid con- 
traction in cast iron, in which he shows that a cast iron of a given 
composition has a certain range of casting temperature to produce a 
solid, dense, and strong castmg free from liquid contraction, Tlie 
iron used m the experiments contained about 2% silicon and 1 4% 
of phosphorus R H Smith®* shows, in a paper on sulphur m malle- 
able cast iron, that contrary to the opimon generally held, sulphur 
is not removed during the ordinary annealing process for the manufac- 
ture of malleable cast iron. When conditions are such that the casting 
is oxidised, sulphur tends to segregate into the unoxidised portions. 
The author also states that sulphur does not appear to have ary 
markedly injurious eftects on the product until about 0 15% is present, 
but that higher percentages give unsatisfactory hendmg tests and low 
deflections In the discussion W H Hatfield pointed out t]iat the 
average percentage of sulphur in Reaumur malleable cast iron is about 
0 3%. 
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Production of Steel, 

TJie development of tte metal mixer since 1873 is dealt with by 
P. C. Thompson.^* The usual capacity m this country is IDO to 300 
tons, althougli the Ebhw Vale Works has one of 750 tons Producer 
gas is mostly used in this country for heating the mixers whereas m 
America natural gas and oil fuel are most commonly used. Mixers are 
found to give a. surprising uniformity of product, the silicon and sulphur 
being reduced The reduction of sulphur is due to the formation of 
manganese sulphide, which rises to the top and passes into the slag. 
The loss of iron in the mixer is estimated at 0*5% in unfired mixers 
and IS probably very little higher in gas-fired mixers A report dealing 
specially with the design and sizes of metal mixers is given hy P. 
Springorum^" in which the cost of upkeep and working is dealt with 
Comparative costs of firing with blast-furnace gas, producer gas, and oil 
fuel are given 

Data showing the production of acid and basic Bessemer steel in 
the United States and in Great Biitain are given hy H H. CampbelP® 
which indicate that the acid process is being gradually di^laced hy the 
basic process The method of shortemng the blow in the Bessemoi 
converter by the use of roll scale is discussed by A. Patton and P N. 
Spellerp^ who conclude that better steel, increased production, and 
lower costs are obtained by its use. The best way of charging the scale 
is found to be mto the empty vessel, before tbe charge of iron is poured 
m ; the iron used should be somewhat higher in siheon than for ordinary 
practice. The addition of roll scale has been m use at the Ohio Works, 
Youngstown, for the last twenty years, where the increased production 
has amoTiated to about 25%. The nature and amount of the gases 
issuing from converters are shown by G. Butz®® to depend on the 
impurities present m the iron, the weight of air required in the 
process, and the temperature of the gases. The author calculates the 
heat-energy evolved during the process and shows that if only 10% 
of this heat could he utilised it would reduce the cost of ingots by nearly 
8s. 6d.-per ton. 

The method of manufacturing pure iron in the open-hearth furnace 
is described by H See.®® The charge consists of 15,000 to 18,000 lb. 
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of limestone and 160,000 lb of mixed pig iron and scrap. Oxidation 
of impurities is partly efiected by additions of iron ore, but tbe furnace 
used IS also equipped with air blast to assist this oxidation Seven to 
eight hours is occupied in the melting down of the charge, the air 
blast IS then turned* on and iron ore added from time to time until 
the impurities are reduced to mere traces. The average time occupied 
per heat is twelve hours, and aluminium is used as a deoxidizer. A 
typical analysis is given as follows . C 0 01, Si 0 004, S*0 025, ? 0 005, 
Mn 0‘026 % 

Various improvements m the design of details of open-hearth 
furnaces have been described, including the Schumann device for 
reversing the direction of the gases This de\iee is controlled by 
a clock, the hour hand of which forms a contact operating a solenoid 
and raising a plunger which opens a foui-way valve and controls the 
passage of air and water in a pipe system The Blair^^ method of 
reversing by means of biick-lmed tubes is also described 

An illustrated description of the Wiegand^® chain screen doors 
for furnace opemngs is given These consist of strands of steel chain 
freely hanging from a bar in such a manner as to form a contmuous 
curtain This curtam, hung before the open door of the furnace, 
hinders heat and gases from leaving the furnace and cold air from 
entenng, and at the same tune protects the workmen from the glare 
mthout ofiering any serious obstruction to the introduction of 
tools, etc The Orth“ system of reinforced concrete for open-hearth 
furnace roofs is described, and it is stated that by the introduction 
of this method the number of heats per roof has been increased from 
387 to 537. 

The essential features of checker bnck arrangements in regenerators 
are discussed by W A Janssen,^* who shows that they should ofier 
a maximum area for heat absorption and a minimum retardation 
to the flow of gas The facility with which cleaning operations can 
be carried out is very important. The design of regenerators is dealt 
with, and it is shown that length, breadth, and depth are important 
factors. Silica bricks, although more expensive, are more efficient 
than ordinary firebricks. The question of the deterioration of refractory 
materials with special reference to open hearth practice is the subject 
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of an investigation by H B Cronsliaw The principal causes of 
destruction m the various parts of open hearth furnaces are enumerated 
and the effects they produce arc discussed. In the roof of the furnace, 
which is the most vulnerable part, all the erosion which occurs can 
be attributed to the effects of abrasion, volume changes, and the 
action of heat and fluxes The principal source of trouble is the dust 
which is derived partly from the produceis and partly from the charges. 
The deterioration of the poit blocks and regenerators also receives 
attention In the latter, the dust is particulaiiv troublesome and this 
is specially the case in basic fiunaces where the dust consists mostly 
of ferric oxide and lime, derived from the charges In a second paper^** 
on this subject, the same author deals further with the deterioration 
of the regenerators and roofs of open-hearth furnaces and also discusses 
the refractories used iii blast furnaces and cupolas. The standardisation 
of refractories is discussed under the following heads : Mineral com- 
position, permeability, resistance to temperature changes, dilatation, 
permanent expansion and contraction, hardness, toughness, and 
crushing strength. 

The results of experimental work on diffeient forms of burners 
used for powdered coal as a fuel for open-hearth furnaces are given 
by C J GachV’ who sums up the chief points as follows : (1) The 
fuel IS burnt above the bath and all the heat contained m the coal 
is instantly developed in the furnace , (2) as the path of the flame 
is m one direction, all parts of the furnace are maintained at the same 
temperature ; (3) on account of their high radiating capacity, the 
infinite number of minute incandescent particles in the powdered 
coal communicate the heat by radiation and not by convection, and 
it is not necessary therefore to bring the surrounding air to the 
temperature of the coal particles , (4) all the heat m the waste gases 
is conserved and can be used in the production of steam 

The development and use of modem waste heat boilers m connection 
with open hearth steel furnaces, etc., are dealt with by A D Pratk*® 
In modern waste heat boilers an mduced draught is used to produce 
the gas velocity necessary for a satisfactory rate of heat transfer, 
in some cases this improves the operation of the open-hearth furnace 
In the case of open-hearth steel furnaces the power obtained by usino 
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the waste heat is equivalent to a reduction of from lOd to Is. per ton 
of steel produced. The first installation of boilers for utilising the 
waste heat from open-hearth furnaces in the Umted States was put 
m operation m 1910 at the South Chicago Worhs of the Illinois Steel Co 
The results of a month’s test showed an output of 190 boiler horse- 
power during the furnace heat with gas at a temperature of 1150'’ C , 
and encouraged the installation of other boilers C J. Bacon^’ deals 
with the case of an installation of twenty-eight hollers, in which the 
heat recovered is about 22% of the heat in the coal charged into the 
producers, or from 1,600,000 to 2,200,000 B Th U per ton of ingots 
A detailed account of the duplex process as earned out at the works 
of the Lackawanna Steel Company is given by G B 'Waterhouse 
The plant comprises 12 cupolas, 4 12-ton conveiteis, 2 mixers, 250 and 
300 tons respectively, 2 large tilting furnaces, and 8 stationary lOO-ton 
furnaces F F Lines® ^ deals with the duplex process in a paper read 
before the International Engineering Congress at San Francisco, and 
states that the process shortens the duration of the purification mthe 
open-hearth hy about five-sixths. H. H Campbell®® shows that the 
Duplex process produces more scrap than it consumes, and that this 
independence of scrap supply has made it possible to produce steel 
as cheaply as in the converter m large well eqmpped plants The 
details of the Duplex process are also discussed hy various authors, 
and S S Martin®® deals with the conditions necessary for the successful 
working of the process He points out that subsidiary operations 
in the Bessemer plant should provide an ample supply of metal, and 
advocates three 20-ton converters where 50-ton open-heaith furnaces 
are employed It is necessary that the metal should contain sufficient 
heat-prodiiciiig elements to prevent skulhng in the duplex ladle, while 
for rapid working in the open-hearth the metal must be charged at 
a temperature near the correct open-hearth tapping temperature The 
function of manganese m the duplex process is shown hy J I Peyton®® 
to be of greater importance than m the “ straight ” open-hearth process 
The same author points out that in order to carry out the process 
economically, large units situated close together are necessary in order 
to reduce waste and labour costs. 
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Tke relative merits of the vanous agents used for the deoxidation 
of steel have been studied by H M Boylston.®® The efiect of the 
following deoxidisers received attention: ferro-manganese, ferro- 
silicon, ferro-carbon-titamuin, carbon-free ferro-titanium, and aliimin- 
nium. The first senes of tests was carried out with raw converter- 
metal and the second senes with 0 6 % carbon steel. As a result of 
these experiments, no startling difierences were observed by using the 
difierent deoxidising agents ; the results, however, are not conclusive, 
although judging by the soundness of ingots produced, the following 
is the order of merit obtained : alumimum, ferro-silicoii, ferro-titamum, 
ferro-carbon-titamuni, ferro-manganese. 

A. W and H Brearley®® deal with some properties of ingots m 
which they consider crystalline structure and its efiects on the solidifi- 
cation of ingots, shrinkage and contraction cavities, casting temperature, 
etc. Some interesting results are recorded from experiments on the 
solidification of wax which are used to illustrate the mode of solidification 
of steel ingots. Two papers dealing with steel ingot defects are 
published by J. N Kilby,” m the first of which bottom casting, top 
casting, and tun disbng for top poured ingots arc dealt with In the 
second paper it is shown that a good percentage of the defects in steel 
ingots come under the following heads —Pipe, segregation, occluded 
slag, fl.uxed fireclay, lappmess, cracks. These defects are dealt with 
in detail and tables are given showing the relation between speed of 
teeming and number of cracked ingots produced. 

Physical Properties, Heat Treatment, etc., op Iron and Steel. 

An interesting paper on the use of meteoric iron hy prmutive man 
by Gr P Zimmer®® includes a table containing all the well known 
meteoric irons, sidentes, and siderohtes 

P. 0 Thompson®® contributes a very important theoretical paper 
on surface tension effects in the intercrystallme cement in metals and 
the elastic limit, m which he adopts and utilises the theory that surface- 
tension forces act withm the amorphous modification between the grams 
of a metal. By this means an explanation of elastic limit, yield point, 
and the chief effects of strain is obtained. In a further paper hy the 
same author®® on the influence of surface tension upon the properties 
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of luefcaLj especially of iron and steel, various questions ■which, arose 
during the discussion of the previous paper are dealt with and some 
effects of surface tension on steel are described. 

J E Stead contributed a paper on the influence of some elements 
on the mechanical properties of steel, which gave rise to a considerable 
amount of discussion The elements considered were carbon, phos- 
phorus, sulphur, manganese, silicon, copper, and tin A bibliography 
of liteiaturc on the relations of chenucal composition and physical 
properties of iron and steel is appended to the paper 

W Austin®® gives the results of some experiments on the influence 
of oxygen on some properties of pure iron for which the specimens 
were prepared by melting iron and iron oxide in a small Girod furnace. 
No difference could be detected between the melting points of pure iron 
and the specimens containing 0 28% oxygen. The material can be 
forged and rolled, the latter operation being carried out above 950° or 
between 750° and 850° C Difficulty in working the material was 
experienced in the neighbourhood of 900° Contrary to expectation, 
the oxygenated metal resisted atmospheric corrosion qiute well The 
oxygen conl»nt of iron and steel and its effect on their properties have 
been studied by J Allen Pickard,*® who has previously reported on 
the oxygen content of the open-hearth steels The steels now examined 
and the oxygen contents found are as follows — Acid Bessemer, 0 006 
to 0018, basic Bessemer, 0010 to 0077, crucible steel, 0001 to 
0 017 , wrought iron, 0 136 to 0 603 , ingot iron, 0 020 to 0 092 ; cast 
iron, 0 017 to 0 021% About 0 405% of ferrous oxide is soluble in liquid 
steel neailv free from other impurities Oxygen when present to an 
extent exceeding 0 01% tends to produce brittleness under shock 
The nature of the scale which is formed on a 3 to 4% nickel steel 
on heating to between 800 and 1100° C. is described by J E Stead,®* 
who shows that the concentration of nickel in the outer layers of 
nickel steel when long heated at about 800-1000° C. is due to inter- 
diffusion of iron and nickel and the removal of iron as oxide at the 
surface of the metal The oxidation follows the crystal junctions 
of the metal and the grams become surrounded by oxide As a result 
of the above obseivations, experiments were carried out on the reduction 
of oxides of nickel and copper by means of iron, which showed that 
solid iron is capable of reducing oxides of nickel and of copper with 
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the formation of iron 03ade This interchange is not confined to 
the surfaces of contact, but extends for a considerable distance from 
the surface of the iron, suggesting that there is intcrdiffiision of non 
and nickel and iron and copper and of the oxides of these metals. 

The question of the occurrence and influence, of nitiogen on iron 
and steel is the subject of a paper by N Tschischewski®® (Tomsk) 
in which our knowledge of the subject is increased ; at the same time 
the evidence put forward is stdl insufficient to decide definitely whether 
the small quantities of nitrogen met with in commeicial iron and 
steel have serious injurious influences on the mechanical properties. 
The author suggests that nitrogen is introduced into steel by the 
addition of ferro-manganese, ferio-silieon, and aluminium when these 
are used as deoxidants and proves the existence of manganese, silicon, 
and aluminium nitrides as definite compounds During the discussion 
of the paper J. E Stead indicated that the results of an elaborate 
research on the effect of nitrogen on steel may be published shortly, 
as work on this subject is being earned out by a small self-elected 
committee of members of the Institute 

The gases occluded in alloy steels have been examintd by J. W. 
Donaldson®® who finds that the volume of the gas dissolved in alloy 
steels diniimshes, accoiding as to whether the special element is nickel, 
silicon, chromium, or manganese The nature of the dissolved gases 
IS similar to those of ordinary steel, except that silicon and manganese 
decrease the amount of carbon dioxide present while increasing the 
amount of hydrogen Chromium tends slightly to increase the amount 
of nitrogen. The largest quantities of gas are evolved m the neighbour- 
hood of the critical points or over the critical ranges, the special steels 
behaving like ordinary carbon steels m this respect 

The effect of slag inclusions on the structure of nickel steel has been 
studied by E Giolitti and Zublena The steel contained about 2% 
of nickel and the light grey inclusions were found between the ferrite 
borders and separate from the pearlite After heating to 10G0° for 
four hours the inclusions were no longer separated from the peailite 
and after heating to 1100° and 1190° the inclusions were not surrounded 
hy fernte It is thus possible that the mj'uiious effects of slag 
inclusions can be ehnunated by smtable heat treatment 

Certain inclusions in steel have been studied by A. McCance/® 
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wlio stows that very often tte ligtt coloured inclusions wticli are 
considered to be manganese sulphide consist of manganese and 
aluminium silicates containing manganese sulphide m solution. A 
sample of the sciini which sometimes floats on the surface of molten 
steel was found to be smnlar in composition, but with the ferrous 
oxide partly replacing the manganese sulphide. Many iion-metalhe 
particles found in steel are of the order of 0 001 inch m diameter and 
their rate of rising in the steel is so slow that they are largely trapped 
in the solid metal 

G F Comstock®® also points out that all the light grey inclusions 
m steel are not necessarily manganese sulphide, as iron oxide may 
assume a similar appearance The best method of distinguishing 
the two IS by means of a boiling solution of alkaline sodium picrate 
which darkens sulphide inclusions but leaves the oxides unattacked. 
The same author’® deals with the presence of alumina m steels He 
shows that the difleiences between inclusions of alumina and of oidinary 
slag m steels are as follows — Alumina is very bard to pohsh without 
pitting, whereas sihcates take a good polish ; silicates are also elongated 
m the direction of rolling or foiging whereas alumina particles are not ; 
silicate inclusions aie frequently of large size while alumina particles 
are not, and they do not seem to coalesce into large bodies even when 
closely grouped together A Sauveur’^ follows this investigation 
by the examination of a niimbei of samples of thermit iron melted 
with aluminium and with alumina, and confirms Comstock s work by 
showing that alumina inclusions can be detected under the microscope 
from the other mclusions by then small size, their daik coloration, 
and more especially by a complete absence of elongation in the direction 
of rolling or forging 

An interesting note on the carburisation of iron at temperatures 
of about 500° C in blast furnaces gases has been communicated by 
T H Byrom,” who showed that when iron was exposed to the action 
of these gases carbide of iron was formed ; m some cases the amount 
of carbon on the outside layers reached nearly 1 % Confirmatory 
experiments carried out by J. E Stead are also described and an 
interesting discussion followed the readmg of the paper J B Stead’®' 
has since examined the efiect of blast furnace gases on wrought iron 
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at temperatures between 400“ and 500“ C , leaving the iron exposed 
to the action of the air for nearly two years The results show that 
the iron itself is not carbuiised undei these conditions, but iron scale 
and magnetic cinder react with carbon monoxide inducing carbon 
to be deposited on the surface 

The results of experiments on cementation by gas under pressure 
are given by F C Langenberg.’^ The pressure furnace as used in the 
Harvard University is described, and the results obtained by the use 
of liliunmating gas and acetylene show that no carburisation occurred 
below 720“ C. and that at the y-^ range sharp breaks in the carburisa- 
tion curves occur. The effect of pressure on the degree of carburisation 
was ascertained and was found to vary at different tempeiatuies in 
the case of illuminating gas There are also indications that after a 
certain pressure is reached, further increase of pressure will not cause 
additional absorption of carbon by the non. 

A new thermo-electric method of studpng allotropic changes m 
iron and other metals is described by C Benedicts.’^ In this method 
the metal to be investigated is moved m the form of a wire with constant 
speed through a small furnace, the maxiiimm temperatirre of which is 
known , between the free ends of the wire an electro-motive force 
may appear if molecular changes occur in the metal at temperatures 
below the maximum, 

A sensitive method for the thermo-electric measurement of the 
critical ranges of pure iron is described by G K. Burgess and H. Scott, 
and the results of the observations are given An apparatus for the 
measurement of the electrical resistance at high temperatures and its 
application to the determination of the critical points of iron and steel 
is described by D Saldau Eesults of the determination of the line 
of transformation and of the solubility of cementite are given, the latter 
showing a straight line In the y-range a new boundary line is indicated 
at 980° C. 

An electro-magnet method for determining the critical point in the 
heat treatment of steel is described by E B. Fehr,^®the main features 
of which are the use of a source of magnetic flux located outside the 
furnace, a small test coil slipped over the outside end of a small diameter 
steel rod which is in contact with the steel undergoing treatment, and 
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a dead-beat galvanometer m the test coil circuit for indicating the change 
of magnetic properties. 

The results of an investigation on the properties and microstructure 
of eutectoid carbon steel and the position and length of Ar. 1 and how 
these are affected by the conditions of heating and cooling, are pubhshed 
by H M Howe and A 6 Levy.’® The same authors deal with the 
influence of quenching temperature and time of tempering on the 
properties of eutectoid carbon steel * 

The determination of the cementite line in the iron-carbon diagram 
has been earned out by N. Tschischewsky and N. Schulgin®^ by etching 
sections at high temperatures m uocmo. The anangements necessary 
for the work are described, chlorine being used as the etching reagent. 
Detailed results are given which again indicate that the cementite 
line from 700 to 1130° C is a straight line 

K. Honda and H Takagi®® have determined the transformation 
temperature of cementite and show that on coohng, the magnetic 
transformation begins at 215° C and on heating, it ends at the same 
temperature The transformation takes place gradually, at least in 
a range from S0° to 60° C 

The influence of heat treatment on the thermo-electric properties 
and specific resistance of carbon steels is dealt with by E, D. Campbell,®* 
who attributes the changes brought about by tempering and annealing 
hardened steel to the precipitation of the carbides. 

The transformations of special steels have been studied by K. 
Honda, K Tawara, andH Takagi,®‘ the steels used containing varying 
quantities of chromium, tungsten, molybdenum, and vanadium 
J. H Andrew®® has earned out investigations of iron-carhon-sihcon 
alloys in which the procedure adopted was to take a series of freezing 
curves of different alloys under different conditions and to supplement 
the results obtained by the micro-ezamination of the variously treated 
specimens. The results indicate that carbide of iron is unstable below 
700° on cooling, breabng up extremely slowly into a-iron and free 
carbon. The photomicrographs show that carbide of iron separates 
from the melt even m the case of the alloy containing 9 86% of silicon 
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and that this carbide can exist undecomposed down to a temperature 
which is in all probability about 1100° C. 

The heat treatment of large forgings is the subject of a paper by 
W. Beardmore®® m which it is shown that the principles involved are 
the same as those which apply to small forgings The object of such 
heat treatment is to confer on the forgings the least crystalline growth 
or the smallest grain size At any given temperature the time the 
material is kept at that temperature, and the time taken in cooling it 
down, have a very important mfluence on the gram size. There is a 
limit in the size of the forgings beyond which a plain carbon steel cannot 
be used with safety and an alloy steel must he used. The effect of work 
is very important and there is an intimate connection between the gram 
size and the amount of work dunng forging H H. Ashdown®’ also 
deals with the heat treatment of large forgings and illustrates the types 
of structure obtained in steels subjected to vanous heat treatment by 
means of photomicrographs. 

C. P. Sandberg®® describes his process for the surface hardening of 
rails. The process depends on the fact that if the steel whilst still 
above the critical range is treated with air, steam, atbmised water, 
or brine on the surface in such a manner as to cool it down moderately 
slowly, the desired hard and tough sorbitic structure is obtained. Tbe 
process is applied after the rollmg operation is completed or, m a modi- 
fied form, on the surface of worn tram-rails without removing them from 
the track. 

A description of the Tickers surface-hardening process®® shows that 
this process consists of the apphcation of an mtensely hot flame from 
an oxy-aoetylene blowpipe momentarily to the surface of the part to 
be treated, tbe necessary quenching effect being produced by the 
absorption of the heat by the cold body of metal beneath the surface. 
The process is used largely for gear-tooth hardening. 

In notes on quenching, L H. Fry*® descnbes expenments earned 
out with the object of stadymg the rate of cooling in vanous quenching 
media and ascertaining the relation between rate of coohng and the 
physical properties obtamable m quenched and tempered forgings. 
The influence of the form of the object on the rate of cooling is dealt 
with and the relation between the quenching speed and the com- 
position of the medium. It is suggested that for rapidity of cooling 
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it IS necessary to have intimate contact between fluid and object m 
order to allow transfer of the heat from the object to the fluid, and a 
free flow to remove heated and vaporised fluid from the surface of the 
object, 

A great acceleration m cooling is produced by a forced agitation of 
the flmd. 

C. A. Edwards and H. Eokkawa®^ have studied the efient of chromium 
and tungsten upon the hardemng and tempering of high-speed tool 
steel, and have shown that the first efiect of tempering hardened high- 
speed steels is to make them softer, but when they are tempered at 
higher temperatures they again become harder and after heating to 
614” C. they are much harder than in the initial air-quenched state. 
Chromium in conjunction with carbon is the cause of the great hardness 
of hardened high-speed steels ; it materially lowers the temperature 
at which these steels can be air-hardened In the absence of chromium, 
tungsten raises the temperature at which tempering and annealing 
begin and m the presence of chromium it increases the intensity of 
the secondary hardemng and raises the tempering temperature. 
Tungsten steef contaimng 18% of tungsten and 0*63% of carbon can 
be air-hardened only by rapid air-quenching from temperatures above 
1050° C. The maximum resistance to tempering and the greatest 
degree of secondary hardemng can only be obtamed by getting the 
tungsten into solution, and with modern high-speed steels this is not 
complete until a temperature of about 1350° C is reached 

In a further paper on the initial temperature and critical cooling 
velocities of a chromium steel, C. A Edwards** with J. N. Greenwood 
and H. Elikkawa confirms the contention that chromium imparts the 
property of self-hardemng to steel. He worked with a steel containing 
about 5% of chromium and shows that the property of self-hardening 
is governed by the rate of cooling. The critical cooling velocity 
however, vanes with the imtial temperature, being much slower as the 
temperature is raised 

The penetration of the hardemng elect in chromium and copper 
steels has been studied by L Grenet,*® who concludes that copper 
increases the depth of hardening efieot in steels and that the influence 
of copper in the presence of chromium is marked. 

The influence of carbon and manganese upon the corrosion of iron and 
steel has been studied by R. Hadfield and J Newton Friend,®* who show 

91 1915, 92, 6, J, 1915, 1013 
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tkat tke addition of successive amounts of carbon to pure iron contain- 
ing less tkan 0 2% of manganese results in a steadily increasing rate 
of corrosion to a maximum with 0 8% of carbon in dilute sulpkuric 
acid The addition of 0*7% of manganese to tke carbon steels results 
in a 1/617 shgktly increased corrosion in sea and tap water and an 
enormously increased corrosion in dilute sulpkuric acid By increasing 
tke manganese,to 2 % and upwards tke corrodibility m water is greatly 
decreased and m sulphuric acid is greatly enhanced, 

Tke theory of the corrosion of steel is dealt with by L Aitekison,®® 
who concludes that the corrosion of steel takes place purely by tke 
action of the ferrite or the sobd solution. In order that a third element 
in a, carbon steel shall have a beneficial effect, it is necessary that the 
proportion of this element should be sufficient to produce a fairly high 
percentage in the solid solution. He also concludes that the deciding 
factor in the corrosion of a steel is the electromotive force of the solid 
solution with respect to the corrosive liquid, that the pearlite of a 
steel does not corrode as a whole, and that carbides are not decomposed 
by ordinary corrosive agents, but tkat tkey merely act as cathodes to 
the anodes of ferrite or sohd solution ^ 

The preservation of iron and steel by means of passivifying factors 
has been studied by T Gr Thompson,®* who shows that at atmospheric 
conditions the introduction of varying amounts of potassium bichromate 
into solutions of different concentrations of sodium sulphate, sodium 
chloride, magnesium sulphate, magnesium chloride, and calcium 
sulphate, inhibits corrosion to a remarkable extent. Differences in 
chemical composition and physical properties of the iron and steel 
employed seemed to have practically no effect In spite of these 
facts the commercial application of potassium bichromate to boiler 
waters is not considered practicable because of cost and uncertainty of 
results. The action of disodium phosphate was also examined 
The corrosion of cast iron has been studied by 0 Bauer and B 
Wetzel.®’ Cast iron when embedded in moist soil is subject to a form 
of corrosion known as graphitisation, iron cancer, etc., by which it is 
converted locally into a soft friable grey mass. A fundamental con- 
dition for corrosion of tbs type is the presence of liquid water. The 
corrosion is accelerated by electric currents The oxidation products 
of the lion are retained in position by the network of graphite in the case 
of grey irons and by the network of cementite m the case of white irons . 
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Tlie presence of copper in steel appears to reduce its iiabiity to 
corrosion as shown by E A and L. T Richardson®® during a discussion 
of the subject of corrosion before the American Electro Chemical 
Society, and the results of further recent tests®* also confirm this 
statement 

The various methods used m the welding of metals has received a con- 
siderable amount of attention In the pencil electrode method of weld- 
ing, as described byE A Wildt,^®® only just sufficient teat is obtained 
to accomplish the joining of the two metals A high temperature i? 
prevented because, as fast as the metal wire used as part of the circuit 
becomes plastic, the pencil must be advanced to close up the spark gap. 
A report on the arc- welding process has been published by the Associa- 
tion of Railway Electric Engineers^®^ m which it is shown that the 
amount of heat which can be applied depends on the size of the electrode, 
the nature of the welding wire and the nature of the piece to be welded. 
It is shown that three important changes occur in the metal during the 
welding operation The efiects of mechanical treatment are elimmated, 
the metal is oxidised and rendered cold short unless it is protected by 
a covering of«lag, and a varying proportion of the impurities present 
in the steel is oxidised and removed. 

A comparison of the costs of oxy-hydrogen and oxy-acetylene 
cutting 18 made by W P Schuck,“* and H R Swartley, Jun deals 
with recent progress in the use of oxy-hydrogen and oxy-acetylene for 
welding and cutting of metals 
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MEmLUEGY OF THE NONFEEROUS METALS 
By Gso. Patchik, A ES.M 

Lecturer on Metallurgy, Sir John Cass Technieal Institute, E C 

This renew deals with the general metallurgy of the non-ferrous 
metals, other than those which have an important application in the 
manufacture of alloy steel. It is not claimed that it is exhaustive, for 
apart from the limited space available there is the fact that certain 
developments must, owing to present exigencies, be considered as 
secret 


(tOLD 

There have been no notable developments m the metallurgy of gold 
during the period under review, but considerable development has been 
made in the improvement of recognized standard methods. 

The cyanide process, with the various modifications connected 
therewith, still holds the premier place in the methods of extracting 
gold from its ores 

Amalgamation is still employed, especially where the metal is 
coarse, and P A Thomson and E. Keffer^ have shown that in the 
presence of sulphates of iron, manganese, and zinc, amalgams are 
superior to pure mercury for this purpose It is considered that this 
superiority is due to their greater resistance to coating, cadmium 
amalgam being the most resistant, followed in order by lead, tin, gold, 
silver, sodium, zinc F. B. Sanford- claims that the treatment of 
concentrates with an aqueous solution of ammonium chloride and sodium 
phosphate at about 115° F , renders them amenable to amalgamation 

The Geliens® process for the treatment of refractory gold-silver-copper 
ores consists of sliming the ore, after the removal of soluble sulphates, 
and then amalgamating in a special amalgamator in the presence 
of caustic soda At a later stage potassium chlorate is added and 
the pulp aerated. Aeration causes the oxidation of the sulphides 
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and the consequent formation of sodium bisulphate, which reacts with 
the chlorate on the complex gold and silver compounds, leavmg the 
precious metals in an amalgamahle condition. The free gold is 
amenable to amalgamation after the addition of the alkali, the complex 
compounds of silver, after chlorate has been added, and the silver 
sulphide after the formation of the bisulphate. The process is suitable 
for ores containing pyrites, blende, mispickel, sulpho-tellurides, etc 

In connection with the cyamde process various causes are given, 
including hydrolysis, for cyanide losses."^ It still seems questionable 
whether the loss supposed to be due to hydrolysis is not the result of 
the action of carbon dioxide. 

The principle of the counter-current decantation process, or the 
C.C.D process as it is now termed, has been known since 1901. There 
is a possibility of this method replacing leaf filters as judged by the 
results of the plant m operation at the Holhnger Go's, works." The 
cost worked out to be about 40 % of the cost of filtering with leaf 
filters as taken over a period of 12 weeks. 

Precipitation by means of zinc still remams the most largely used 
method for tjie recovery of gold from cyamde solutions. Additional 
tests^ have been carried out by N. Herz on the use of zinc dust, and 
these may lead to the further utihzation of this material, although 
accordmg to Irvin^ zinc thread is generally used, as it is a question of 
capital outlay. 

H E Conklin® describes a method of precipitating gold and silver 
from cyanide solutions by means of moving zinc balls in an inclined 
ziuc-lined eyhnder, this may prove to be a valuable innovation 
Electrolytic precipitation is stated by G H Clevenger® to be less 
complete than precipitation by zinc, and for the sake of economy it is 
better to precipitate partially by electrolysis and complete the 
precipitation in zinc boxes. On account of the low conductivity 
the electrodes are placed only 1|- inches apart Lead is the usual 
material used for cathodes, and in American practice it is also used for 
anodes, whereas on the Eand iron anodes are employed. 

The conversion of precipitate to bullion is an extensive problem on 
account of the varying composition of the material obtained from the 
clean-up. It has been found“ that the residual slime from the usual 

* H A White, J Chem Met and M-in Soc, 8 Africa, 1916, 16, 24, 1915, 
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acid treatment, if agitated with sulphuric acid and potassium hichromatej 
yields a bullion practically free from zinc, lead, and copper after fusion 
with nitre and borax. J. Penhale" has patented a process for treating 
7inc-gold slime which consists of mixing the dry material with about 
10% its weight of litharge and an excess of carbonaceous material and 
retorting this mixture, whereby zinc is distilled off and lead bullion 
left behind. 

The treatmeht of by-products from the Tavener process has been 
confined in the past very largely to the blast-furnace, but at the Alaska 
Treadwell mine this has been superseded by an electric furnace.^^ ^he 
furnace is operated on the lighting circuit through a 50-kilowatt 
transformer The charge consists of old reverberatory hearths, 
litharge, coke, scrap iron, and refinery by-products. The advantages 
claimed over blast-furnace practice are a considerable reduction m the 
mechanical loss of gold m flue dust, a cleaner slag free from metal 
shots, almost complete control over the melting temperature, and 
improved working conditions for the operators. 

According to J. H Hance,^® bulhon bars obtained from “ cyanide '' 
gold show variations in composition due to segregation, and this is 
well marked when the metal is practically free from silver. If, however, 
9% to 10% of silver is present the bars are homogeneous 
Turning now to the treatment of complex ores, K. B. Moore and 
H. E. Edraands^^ state that certain arsenical-antimonial-sulphide ores 
only yield 50% of their gold content when treated by ordinary 
methods such as amalgamation, eyamdation, etc., but after fine grinding, 
roasting sufficiently to liberate the gold from the sulphides, mixing 
with oxidised ores, and agitating with sodium sulphide, cyanide 
extractions of over 80% can he obtained The cyanide consumption is 
equal to about 1 lb , and the cost 9s per ton of ore 
In a report on the treatment of antimonial gold ores from the 
Murchison range, H E. Adam^® shows that where antimony is not 
much above 1%, gold can he extracted with fair success by the usual 
methods, hut, as might be expected, the cyamde consumption is 
always high 

Flotation tests made by F. Wartenweiler,^* using a mixture of wood 
creosote and paraffin on arsenical pyntic ore from Barberton, Transvaal, 
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gave good results. It was found that the middlings and tailings were 
directly amenable to cyanide treatment, and that after roasting, the 
concentrates eouid be amalgamated and cyanided The estimated 
extraction on a commercial scale was put at 84% 

In connection with the treatment of West Afncan graphitic schists, 
W. E. Feldtmann^’ has patented a method for dissolving gold by the 
use of sodium sulphide solution and precipitating the metal by means 
of metallic copper or copper sulphide ' 

Silver. 

Most of the developments connected with the production of silver 
have been m the direction of increasing the efficiency of what may be 
termed recognized standard methods, such as amalgamation and 
cyaniding. 

The tailings from high-grade silver ores left after amalgamation m 
strong cyanide solutions carry notable proportions of mercury which is 
chiefly in the form of sulphide This can be recovered^® by leacbing 
the filter cakes with a solution containing 4% of sodium sulphide and 
1% of sodium liydroxide, and precipitating the metal on aluminium in 
the form of foundry waste, 

C. E. Morris^® shows that in cyamding sulphide ores the addition of 
lead acetate gives a shghtly better extraction with fresh solutions, but 
a shghtly lower one with mill solutions which contain zinc 

The difficulty of extracting silver by cyanide solution from the El 
Favor Mine ores when associated with manganese oxide-*^ has been 
overcome by roasting such ores with 2|% of salt at a low temperature 
for about 15 minutes prior to leaching The alternative method 
suggested is that of roasting the ore under reducing conditions, as 
when mixed with powdered coal. 

It would appear that there are difficulties at the present time in 
obtaining aluminium powder for use as a precipitant As an alterna- 
tive the silver may he precipitated by sodium sulphide solution and the 
sulphide precipitate treated with sodium hydroxide in the presence of 
aluminium ingots 

With reference to the treatment of the Cobalt distnet ores, at the 
Canadian Copper Co ’s Copper Cliff works^^ the ore is smelted and 
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Sliver bullion, speiss, and slag thereby produced. The bulhon, containing 
about 75 % of the total silver, is cupelled m an oil-fired cupellation 
furnace, whilst the speiss is given a chlondising roast and then leached 
with thiosulphate for the recovery of silver This treatment does not 
completely remove the silver, so that the residues are again smelted and 
the speiss treated as before. The residues from the second treatment 
are dried, roasted with sodium nitrate and sodium carbonate, leached 
with water and finally with thiosulphate 
Attention has been given to the Muenoe of sulphates and sulphur 
dioxide on “ spirting,” and the prevention of this trouble as connected 
with castings W. StahF describes a method of obtaining sound silver 
castings which is essentially a “ poling ” operation for de*oxidising the 
metal before it is poured. 


Mercury 

Recent progress in the metallurgy of mercury has been principally m 
the direction of wet concentration, the bri(][uettmg of the concentrates 
and fine ores, and the use of multiple-hearth roasting furnaces. 

Wet concentration has become more general on accouijj: of the richer 
mercury ores becoming exhausted and the necessity of treating low 
grade material. There is still room for improvement in this 
direction. 

Briquetting naturally follows concentration unless the entire output 
of concentrates is to be reduced by methods similar to those adopted 
for fine ores Up to the present the difficulty has been to find* a 
satisfactory binder which must be free from volatile hydrocarbons, 
otherwise considerable trouble is experienced in the collection of the 
metal 

According to W H. Landers, multiple-hearth roasting furnaces 
have scarcely passed the experimental stage, but he states that they 
have proved more economical than the Scott tile furnace, or furnaces 
of similar type, especially in fuel consumption 

Lead 

The density of lead increases if the pure metal is suspended in a 
40 % solution of lead acetate containing 100 c c of nitric acid (sp gr. 
I- 16) per htre Dilatometric measurements^® lead to the view that the 
changed lead is made up of allotropic forms 
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There have been no striking changes during the last two years either 
in the preparation or the smelting of lead ores. Hand-roasting has 
been practically superseded by blast-roasting and sintering, and where 
the old style of roasting m a mechanically rabbled hearth is still in use, 
it is now generally followed by a finishing roast on a Dwight-Lloyd 
machine or in one of the types of blast-roasting pots 
A S Dwight^*^ states that to bring the sulphur content in the roasted 
material down to 2'5 % the roasting operation should be^carned out in 
two stages, initial and final. 

No appreciable change has taken place in the design of blast furnaces, 
but improvements have been made m furnace working and economies 
effected in the handling of the charges A modern rectangular furnace 
will smelt 200 to 250 tons of ore per day, using 10 % to 15 % of fuel 
when working at a blast pressure of 2 to 2| lb, per square inch. 

The influence of the shape of tuyere on the rate of smelting is shown 
by the results of experiments carried out at Cockle Creek Smelter, 
N S W It was found that large diameter tuyeres give better results 
than conical tuykes using air at the same blast pressure 
Eich lead o^es are still smelted by the Flintshire process, and it is 
interesting m this connection to note that a continuous furnace of the 
horizontal type for the treatment of this class of ore has been patented 
by C J Beaver and E A. Claremont.-® 

COPPKR 

A review of the output of copper m the various producing countries 
of the w’orld is given in the Eng^neenng and Mimng Journal-^ The 
consumption in the United Kingdom in 1913 was 140,300 tons, the 
amount produced in metallurgical works 52,100 tons, whilst the output 
of mines was only 300 tons 

With reference to the mechanical properties it has been found that 
these are improved by the addition of nickel to the metal, which causes 
an increase in both the tensile strength and the percentage elongation 
L Guillet®^ has investigated the effect of cold working, and reports that 
there is no relationship between the hardness and the tensile strength 
of worked metal 

Whilst there have been no striking developments in pyrite smelting 
during the past tivo years, much valuable information can be obtained 

Eng and M%n J, 1916, 102, 671 , J, 1916, 1159 
A W Tournay-Hmde, Eng. and Mkn J, 1916, 102, 392 , J , 1916, 968 
» Eng Pat 6675, 1915 ; /, 1915, 1150. J , 1917, 74 

^ W Stahl, Metall « Erz, 1915, 12, 179, 1916, 52 

« Eeu Met , 1915, 12, 819 , J, 1916, 311 



268 


BEPORTS OP THE PROGRESS OP APPLIED CHEMISTRY 


irom R C Sticht’s revie^v®^ of the Mount Lyell practice According 
to H 0 partial pyrite smelting is now generally adopted m 

America and coke-smelting of roasted copper ores is beipg abandoned 
Considerable attention has been given to the collection and treatment 
of flue dust and fume, and in place ot bnquettmg these materials the 
method of mixing with converter slag or agglomerating by blast roast- 
ing is being adopted 

In reverberatory furnace practice considerable developments m the 
methods of firing have taken place Oil and coal dust firing is now 
becoming common, as it avoids loss of heat in the fire box A typical 
example is to be found at Anaconda, where a furnace 147 feet by 25 
feet IS fired with coal dust 

In converter practice acid linings have been almost entirely superseded 
by basic linings, and m this connection the proposal of J B F. 
HerreshofP'^ to use refinery slag as silicious material m the converter, 
IS interesting 

Blast-furnace treatment of copper-gold ores has been adopted at Mt. 
Morgan,^® Queensland, m preference to reverberatory furnace treatment, 
on account of working considerations, and not on account of the slight 
differences shown m profits. 

F E Lathe'^*' deals with the question of metal losses in copper slags, 
and the general conclusion arrived at is that sulphide and oxide exist 
at the same time m these furnace products Investigations carried out 
at the works of the Granby Consolidated Mining, Smelting and Power 
Co., Ltd., Grand Forks, B.C , have shown that by deepemng the blast 
furnaces and employing a series of settlers for the slag the copper 
content of the latter can be materially reduced. The proposal tor 
reducing the loss of oxidised copper m slags, by providing the rever- 
beratory furnace near the shmming end with a wall sufficiently low to 
allow the slag to run over, and yet keep back the matte, andiiy adding 
pyrites to the slag separated, is regarded as promising 

Progress in the hydro-metallurgy of copper has been very largely 
confined to modifications of what might be termed standard methods. 
It is stated by S Barth, for example, that the roasting of cupriferous 
pyrites can be earned out in the Bracq-Montz furnace so that 87 % of 
the total copper in the roasted material is m a soluble form 
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A 2000-toii leaching plant-^ ^as completed at Anaconda m May, 1913, 
for working up a dump of twenty million tons of tailings containing 
0-64% copper and 0-48 oz. silver per ton The material is first given 
an oxidising roast at a low temperature in furnaces of the McDougall 
type, then leached with three solutions containing varying proportions 
of sulphuric acid and salt, and finally washed with water Copper and 
silver are recovered from the solutions by means of iron The total 
extraction averages 80% ot the copper and 60% ot the siiver. 

The treatment of slime containing about 1% copper resulting from 
the rough concentration of the ore of the Burro Mountain Copper Co , 
as arranged by J. Douglas^® consists of four essential stages, de-watermg, 
roasting, leaching, and electrolysmg. The water content is first reduced 
to 30% by settling, then brought down to 10% by exposing to air m 
shallow pans, and finally to 1% by passing through an oil-fired rotary 
drier After disintegration it is passed to a six-hearth McDougall 
furnace, in the third hearth of which fuel oil is burnt so as to mamtam 
a maximum temperature of 510“ C The hot roasted product is then 
delivered into a long, inclined, rectangular trough containing dilute 
sulphuric acid of 3|% strength, and from this to seven Dorr thickeners 
The copper is Jnaliy recovered by electrolysis of the sulphate solution 
The recovery of copper m burnt pyrites is effected at Pemau'^® by 
roasting with salt according to the Buddeus^^ process, which employs 
compressed air The treatment of low-grade carbonate ores with a 
solution of alumimum sulphate^^ will no doubt extract copper, but a 
great deal depends in processes of this description on the cost of regen- 
erating or producing the solvent. 

Zinc 

At the beginning of the war the position of the zinc industry m this 
country could not be considered as altogether satisfactory, hut it is 
gratifying to note that the Government have arranged to take at least 
100,000 tons of Austrahan concentrates in 10 years and up to 4,500 
tons per annum of the spelter produced m Australia over the same 
period 

The development of the spelter industry is set out very My by 
E. A Smith J. G Moulden’s paper on “ Zinc, its production and 
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industrial application,” read before the Society of Arts, m May, 1916,^^ 
should also be consulted Progress m the metallurgy of this metal has 
been principally in the direction of obtaining improved extraction and 
reduction of labour costs chiefly by the use of gas-fired furnaces, 
worked on the regenerative system Electric ^melting, however, has 
passed the experimental stage, and has been proved to be of commercial 
value. In the C6te andPierron process blende 15 smelted m an electric 
furnace without a prebmmary roast and lead is recovered at the same time. 

According to the method worked out in the University of Utah,'^^ it 
IS possible to remove iron sulphide from very pyntic zinc ores by 
treating in a reducing atmosphere at 600“ C and then leaching with 
dilute sulphuric acid 

The Hogeler mechanical roasting furnace is stated by M. de 
Lummen^*^ to be employed almost exclusively in the United States, 
where labour is expensive and fuel cheap He also states that of the 
mechanical furnaces tested in Europe durmg recent years for blende 
roasting, the de Spirlet type has given the most promising results. 

The Eoitzheim-Eemy continuous distillation process^' is a distinct 
development m the treatment of the roasted ore. ^This process 
consists of feeding the pre-heated charge into the top of a vertical gas- 
fired retort and mechanically discharging the residue from the bottom 
in such a way that the open ends of the retort are sealed to the air. 
The advantages claimed for the process are a considerable reduction of 
labour, reduced consumption of refractories, and a general saving in 
costs, In a somewhat similar process patented by J. M. Hyde^® the 
roasted ore mixed with the reducing agent is fed into an inchned 
retort, the zinc vapour collected in an external condenser, and the hot 
residue mixed with fluxes and smelted for the recovery of other values 
The majority of the wet processes are now associated with the 
production of electrolytic zinc, which is dealt with in another section 
of this volume. A modification of the bisulphite process^^ consists of 
treating the roasted ore with zinc bisulphite solution whereby sulphite 
is formed which is afterwards converted into bisulphite by sulphur 
dioxide. 

Several patents have been taken out for reducing the oxide under 
electrically heated conditions A patent by W M. Johnson and others^^ 
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« TJ.S Pat 1144037, 1915 ; J, 1915, 837 
Fr. Pat 474306, 1914; J, 1915, 803 
“"US Pat 1165371, 1915, J, 1916, 259 
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specifies that the roasted ore shall he heated with carbon to 1150“ 0 
m muffle retorts and the residue treated with additional carbon under 
electrically heated conditions, but according to F. W Highfield'^^ the 
oxidised material is fed on to electrically heated carbon after treatment 
with carbon monoxide 

The purification ot common spelter has received considerable 
attention, and W. F Ingalls^- states that by redistilling \nth proper 
control of the temperature and separation of the first distillate, a high 
grade spelter low in cadmium, can be produced 

According to F Juretzka,^® electrically heated furnaces are much 
more advantageous for the re-distillation of spelter, and provided the 
distillation is carried out at a low temperature there is no difficulty in 
obtaining spelter contaming 99 7 to 99 9 % of zmc 

Gallium has been found m small quantity in the zinc-lead dross 
remaining from the distillation of spelter It appears in the form of 
drops, resembling mercury, on the surface of the dross after this has 
been exposed to the weather tor some time. 


The important problem ot the present day as fai as tin is concerned 
is the saving of values in the shmes produced in concentration 
Eesearch work in this connection has been entrusted to the Institution 
of Mimng and Metallurgy by the Privy Council Eesearch Committee, 
but up to the present no results have been pubhshed 
There has been little, if any, alteration in the methods employed for 
the reduction of tin concentrates It is true, however, that numerous 
patents have been taken out for the recovery of the metal from 
this class of material and some may lead to valuable practical results 
The treatment of sulphide tin ores has always been an interesting 
problem. The following methods have been tried and have resulted m 
partial success , (1) reverberatory furnace smelting in the presence of 
iron or carbon ; (2) pyritic smelting , (3) blast-roastmg, followed by 
ordinary blast-furnace smelting J H. Levings^“ proposes to treat 
these ores by blast-furnace smelting, after blast-roastmg, and, then 
treating the copper-tin alloy and matte formed in such a way as 
to produce a silver-copper bulhon and tin oxide, which is volatilized. 

31 Eng Pat 6865,1914, /, 1915, 838 

33 I Imt of Metals, 1916, 16, 196-199 , J, 1916, 1020 

33 Chem -Zext , 1916, 40, 885 , J, 1916, 1263. 

3^ W P Hillebrand and J A Scherrer, J InA. JEng Chem , 1916, 8 , 225 , 

1916, 473 

33 JProc Austral Inst Min JBng , 1915, 19, 1835 J , 1916, 119 
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Aluminium 

The ever-increasing demand for light alloys, especially tor aero- 
nautical work, and the advisability of substituting a satisfactory 
metal or alloy for copper wherever possible, has given a great impetus 
to the aluminium industry 

The use of aluminium for electrical purpose is fully dealt with by 
E. V. Paunei,^'' who states that owing to aluminium alloys tending to 
deteriorate in use they are not to be recommended for electrical 
purposes Pure aluminium rods are being used, however, quiet 
satisfactorily as conductors m accumulator stations and elsewhere 

In view of the extended use of light alloys mentioned above, the 
results of H Schirmeister’s®' investigations with reference to the 
influence of the common metals on the properties of aluminium, are 
important 

Considerable attention has been devoted to the jointing of the pure 
metal and its alloys According to Pannel,®^' permanent union of 
aluminium surfaces is only attainable by autogenous welding with or 
’ivithout the use of an alkali sulphate or fluonde as a flux Solders, 
however, are still employed, the composition of which vanes 
considerably as shown by the following patent specifications — 


Tin 1 

Lead 

Aluminiam 

Zmc 

Pliosphorus 

80 

16 

8 

16 

8 

12 8 ' 

3 2 

1 




The treatment of pot skimmgs, turnings, etc , for the recovery of the 
metal is a problem that will have to be seriously faced, but up to the 
present patents, relating thereto do not show much of a novel 
character 

The production of aluminium is essentially an electro-metallurgical 
problem (see p. 292) 


Alloys 

The amount of information available on this subject is so extensive 
that it is only possible m a report of this character to give the briefest 
of developments during the past two years. 

Amer Inst of Metals, Sept , 1915 , J, 1915, 1058 
57 Stahl « Huen, 1915, 8S, 648, 873, 996. 

55 J F dross, US Pat 1145307,1915; 1915, 875 

5* J Cayocca, US Pat 1161612, 1915 , 1916, 54 
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C. E Barton*^*^ gives a full account of the manufacture of cartridge 
brass (70/30) the total impurity in which must be less than 0 4%, but 
arsenic, antimony, lead, and cadmium must be below 0 08 %. 

The influence of arsenic on brass has been investigated by 0 
Smalley The general conclusions are that arsenic embrittles all Cu-Zn 
alloys when it is present as free arsenide, but the arsenide films do not 
affect the cold worbng properties of a-brasses to any appreciable 
extent, whereas it is detrimental, even when present in the most 
minute quantities, to the physical properties of hot-vorked brass 
without affecting the hot worbng properties The annealing of 
arsenical brass is dealt vith by C H Mathewson and M Thalheimer 
According to P D Menca and E W Woodward*^^ initial stresses in 

brasses vary in distribution and magnitude, the outside layers of 

extruded and forged rods being under compression and of v ire-drawn 
rods in tension 

The presence of initial stresses of large magnitude results in failures 
by fracture or fissure Yaluable contributions to the sidiject of brasses 
and bronzes were made by 0 F Hudson and E M Jones, D 

Meneghim, C H Desch and H Hyman, and W B. Parker, at the 

autumn meeting of the Institute of Metals, 1915, on the constitution 
of ternary brasses, structural changes in industrial brasses, the corrosion 
of gun-metal and brasses, and the value of phosphor-bronze for high- 
speed superheated steam turbine blades 
The third report of the Corrosion Committee was presented at the 
1916 Spring Meeting®^ and dealt with experiments on hard drawn and 
annealed tubes of 70/30 brass, Admiralty metal, phosphor-bronze, 
aluminium-copper, etc Hone of the alloys tested proved entirely 
satisfactory At the same meeting A Stansfield gave a comprehensive 
summary of the use of electric furnaces in non-ferrous metallurgy, 
F C. Thompson a paper on the effect of heat treatment on a senes of 
Cu-Hi-Zn alloys, and ¥ E Withey a paper on the analysis of 
aluminium and its alloys, whilst A A Eead and E H. Greaves showed 
from their study of the ternary alloys of Cu-Al-Sn that no advantage 
IS gained by substituting alumimum for tin m gun-metal. 

The Annual General Meeting, 1917, of the same Institute'^^ was 

<'0 JEnff. and Mm J, 1916, 101 , 97 , 1916, 7‘iO. 

« J., 1917, 36, 429 

« J. Inst, of Metals, 1916, 16, 18, J, 1916, 1064 
ra J. FranUm Imi 1916, 182, 803 , J, 1917, 140 
w J Ind of Metals, 1915, 14 ; 1915, 1015 

® J Inst of Metals, 1916, 16 5 J , I9l6, 472, 473 
S'! J Inst, of Metals, 1917, 17 , J, 1917, 821-325. ^ 

s 
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devoted principally to a general discussion on the melting of non- 
ferrous metals (see also section on Fuel, pages 36 seq ). It appeared from 
this discussion that gas-fired furnaces, whether using high or low 
pressure gas, have the advantage over coke-fired furnaces, although the 
latter are more largely employed than any other type 

Blemishes formed on the surfaces of rolled brass during annealing 
have been traced*^^ to mineral mattei arising from the soaps in the 
lubricating greg^ses used in rolhng. The paper by H W. Biownsdon^*^ 
on the use of nitre cake in the preparation of pickling solutions for 
brasses is important in view of the difliculty of obtaining the acid 
supplies required 

The heat treatment of 10 alimunium bronzes has been investigated 
by A. Portevm and G Arnou.®*^ The two alloys tested were similar in 
composition except that one contained 1 % of manganese, and records 
were made of the influence of varying the quenching temperature and 
reheating after quenching from 800“ C and 900° 0 

An exhaustive examination of the Al-Zn alloys has been made by 
0. Bauer and 0 Vogel, who devoted considerable attention to the 
corrosion of this series of alloys They found that if such alloys were 
immersed m a solution of potassium carbonate, sodium bicarbonate, and 
potassium bichromate at a suitable temperature, a coating was formed 
which resisted the action of tap water and sea water. 

Systematic investigation of the gold-copper alloys by N Kurnakov 
and others^^ has revealed several interesting points especially in 
•connection with the heat treatment, rolling, and wire-drawing of alloys 
of certain composition 

The control of platinum has given considerable impetus to the use of 
the alloys of Pd-Au and Pd-Ag. According to F. A, Fahrenwald,’® 
tungsten and molybdenum can he substituted for platinum-indium. 

C H Tonamy^^ has shown that X-rays can be used for the detection 
of blowholes in metal castings, and by tabng radiographs in two 
directions at right angles the depth of a blowhole beneath the surface 
can he determined This was confirmed almost simultaneously by 
W P. Davey,'^'^ who has given a useful exposure formula which involves 
the thickness of the metal 

Met , 1915, 12, 101 
«« /, 1917, 36, 575 

« m, 1916, 13 , 101 , /, 1916, 1114 
lUt h Matetmlpmf, 1915, 33 , 146, 1916, 543. 

J Hms nys Chem Soc, 1915, 47 , 871 j /, 1915, 1254 
72 Mtn and Bny World, 1916, 44 , 606, 1916, 543 

72 / Imt of Metals, 1915, 14 , 200 , 1915, 1016 

7^ Trans Amer Ihctrochm Soc , 1915, S8, 407 , 1915, 1095 
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CONOENTRAnOX 

There is still a divergence of opinion as to whether this subject 
belongs to the domain of the metallurgical or mining engineer, and 
therefore it is not proposed to do more than refer to the extent of 
the work carried out. In the United States'^ there are probably 200 
ore flotation plants in operation using a variety of oils according to the 
class of ore treated. Differential flotation of such sulphides as galena 
and blende is now possible, if the numerous patents taken out recently 
can be accepted as a guide, and the difficulty of treating oxidised ore^ 
by this process is not insurmountable provided such ores are given a 
preliminary treatment with a sulphur compound. 


E J. Anderson, Met and Ckenu JEng,lQlQ, 14, 135, 1, 1916, 312 
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. ELECTRO-CHEMISTEY. 

By Arthur J Hale, B.Sc , F I C 

City and Guilds College, Finshury, E C 

In reviewing the progress of electro-chemistry during the past three 
years, no one special line of advance can be easily distinguished Healthy 
and steady development, as a whole, has characterised the progress 
of the last few years Electro-chemistry, besides possessing special 
spheres of its own, has penetrated into practically every branch of 
chemistry and compelled the recognition of its general utility 

Development op Power and Plant • 

Increased utihsation of the world’s water powers is reported In 
Norway,^ extension has been apphed to the production of aluminium, 
carbide, and cyanamide In South Africa, the development of water 
power is to be utilised for production of materials for agriculture and 
mimng, carbide, cyanide, cyanamide, and ammonia, with power at 
an estimated cost of 0 2d per unit, and in the event of the cost falling 
below this figure, direct nitrogen fixation and electric steel making 
will be developed ^ 

A large power scheme is in operation in Tasmania® the mam water 
storage being the Great Lake The present output is 10,000 h p , but 
this may be increased to 25,000 h p or more The minimum charge 
has been fixed at £2 per h p year (about 0 08d per unit). Most of 
the power Is to be used for zinc production (electro-metallurgical and 
electrolytic), caustic soda and bleaching powder, carbide, steel, ferro- 
alloys, and cement making. It is also proposed to manufacture 
aluminium, nitric acid, and per-salts 

In a paper dealing with electro-chemical plant, ^ the great importance 
of low- voltage machines of high capacity is emphasised, as well as the 

^ Engineering, 1915, 100, 673 

® Eejiort S African Inst E Engineers, I&n 1916, Z, 1916, 896 
» jProc Soc Chem Ind Ftciom, 1916, 419 , tT , 1916, 1265 
J L Yardley, Amer Elect Soc, Oct 1917, /, 1917, 1182 
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value of the contrivances now used for variation of voltage in electro- 
chemical work, such as “ booster ” control The perfecting of induction 
regulator control now provides converters m vhich considerable voltage 
variation is possible 

Pkimaey Cells Depolaeisers Secondary Cells 

During the past three years most of the work in*connection with 
primary cells has been devoted to the improvement of the Leclanche 
dry cell by increasing the efficiency of the depolariser, by adding ne\\ 
ingredients to the electrolyte, or by introducing an absorbent material 
in the make-up of the cell 

A few primary cells of new design have been announced For 
example, m one, carbon forms the positive plate in a solution of hydro - 
bromic or hydriodic acid mixed with sulphuric acid , the negative 
plate IS likewise ot carbon and is immersed m a solution of nitric or 
chromic acid, and sulphurous acid or other reducing agent is present 
in the liquid to regenerate acid from the halogen liberated m the positive 
compartment ® 

In another cell the negative plate is of tin coated on one side uith a 
layer of sulphui, so that a sulphide of the positive metal (zinc) is foimed 
during action The electrolyte is a solution of alkali or alkaline-earth 
chlorides and the precipitated zinc sulphide may be collected ® In two 
cells which contain an alkaline electrolyte, and zinc anode plates, o*ne 
has potash for electrolyte and a negative plate of graphite and mercuric 
oxide’ , m the other, alkali zmcate is mixed with the alkaline electrolyte ’ 

As regards the addition of absorbents to ordinary dry cells, according 
to one patent® the carbon and zinc aie separated by porous material 
such as cotton wool mixed with ammonium chloride, and a piece of 
absorbent material saturated with zinc chloride is placed next the innei 
electrode 

In another process,’® the container is made of pulp reinforced by an 
embedded metal winding , inside the container is the zinc plate and 
next to this a layer of absorbent material saturated with aluminium 
chloride and a filler including mercury salts The electrolyte is made 
up of glycerin, gelatin, and ammonium, aluminium, and zinc chlorides 

® Eng Pat 112 (1915), J, 1916, 125 

® Eng Pdt 103920 (1916) , J, 1917, 295 

7 Eng Pat 9684 (1915) , J , 1916, 897 

8 Eng Pat 16471 (1915) , /, 1916, 1068 

® Eng Pat 18713 (1914) , J, 1915, 732 

US Pat 1140826(1915), 7,1915,722 
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Specially prepared manganese peroxide, as depolariser, is the subject 
of numerous patents. In some cases it is prepared from permanganate 
by the reducing action of a manganous salt^^oran organic substance, “ 
or the peroxide is improved by incorporating with it oxidising agents 
such as mercuric oxide or a persulphate 
It has been shown that the amount of chemical change m small pocket- 
lamp batteries as about twice that due to current given and represents 
losses by local action owing to impurities Leclanche cells may be 
revived, when exhausted, by moistemng the material of the porous pot 
with hydrochloric acid, and for this purpose a funnel-shaped opemng 
may be provided, passing through the pitch to the interior.^® A similar 
method of regenerating the electrolyte and depolariser is the subject 
of another patent 

The cadmium standard cell can be improved by using calomel as 
depolariser instead of mercurous sulphate in the usual arrangement 
Hg/Hg 2 Cl 2 /CdCl 2 /Cd amalgam The cell was found to give a constant 
voltage at 25° C. of 0-67079 to 0 67080 volt over a long period of time, 
and showed no tendency to gradual decrease of E M.F as i^-often noticed 
with the ordinary Weston cell The temperature coefficient at 18° C. 
with a saturated solution is 0 000067 volt.^’ 

Secondary cells have received some attention, chiefly with a view 
to improve the plates used, but also with a view to cure sulphating. 
hlegative plates after being “ formed ” can be treated with a solution 
of alkalme-earth persulphate^® to oxidise the lead, and the resulting 
calcium or barium sulphate fills the interstices of the surface but does 
not interfere with “ charging ” or “ discharging ” In another process, 
battery paste for the plates is made up of twenty-five parts of lead 
oxides, one part each of glycerin and water, and 0 5 part of sulphuric 
acid This paste is heated to dryness at 120°-U0° C. and mixed with 
sulphuric acid and water The plates of accumulators can be built 
up from a central core of lead-antimony alloy from which parallel ribs 
extend on either side ; the ribs are of lead and are pocket-shaped to 
receive^the active material 

US Pat 1184854(1916); /, 1916, 745; US Pat 1216450 
« U.S Pat 1169943 (1916) ; J, 1916, 547 

i»US Pat 1195677 (1916); /, 1916, 1068; US Pat 1147753 (1915), J, 
1915, 912 E Arndt , Chem ^Zeii , 1916, 40, 1017 , J , 1917, 89 

Eng Pat 11511 (1915) , J, 1916, 476 
IS US Pat 1192061 (1916), /, 1916, 931. 

Lipscomb and Hulett, J Amr Chem Soc 1916, 38, 20; J., 1916, 261. 

^8 U S. Pat 1164464 (1915) , 1916, 186 

18 Eng. Pat. 9012 (1915); J, 1916, 851 
20 U S Pat 1190982 (1916), /, 1916, 987. 
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To regenerate sulphated *’ storage cells, charging and discharging 
with an electrolyte of acid sodium sulphate is recommended A 
low current -density is used at jSrst and progressiwely increased It is 
stated that sulphating ” may be cured by long soaking of the plates 
in sodium sulphate solution. “ 

Materials suitable for separating accumulator plates are still bemg 
devised. One of these is composed of acid-resisting material such as 
asbestos mixed with a finely divided soluble substance and a phenol- 
condensation product like “ Bakelite ” . the mixture is moulded and 
baked, after which the soluble matter is washed away.=® Another 
separator is of wood treated with baryta or strontia solution, these 
bases being then converted into insoluble sulphates,’^ 

A contribution to the theory of the lead accumulator has been given 
by C FeTy,25 m which the discharge is compared with that of a galvamc 
cell, with a solid depolariser, the difference being that m the accumu- 
lator an insoluble salt is formed on the negative plate The theory of 
‘‘ double sulphating ” is stated to he incorrect and the following equa- 
tions are given to represent normal “ discharge ” — 

Pb -t- H 2 SO 4 + Ph ,07 = PbS04 + H 2 O -f- 3 PbOi. 

Pb -h H 2 SO 4 + Pb 205 = PbS04 + H 2 O + 2 PbO^ 

These equations agree with the formation of 12-14: grms. of higher 
oxide per ampere-hour The amount of acid combined during ‘ dis- 
charge ” is one-half that required by the double-sulphating theory and 
the variations in the mass of the positive plate are small and in the 
opposite sense to that demanded by the theory. 

The alkakne storage hattei y has received attention chiefly in order to 
improve the plates The positive plate may be a perforated tubular 
receptacle of conducting material packed with nickel oxide and ceric 
oxide, while the negative plate consists of iron or iron compounds easily 
oxidised contained in nickel tubes A negative plate for alkaline 
batteries is composed of an insoluble zinc-titamum compound, obtained 
by making a paste of zinc salt, sodium titanate, and mercury compound, 
and then reducing it by electrolysis * ’ 

In another ceU the electrodes are of manganese dioxide and lower 
oxides of manganese respectively, the electrolyte bemg an alkaline 

=1 U S. Pat 1147261 (1915), J, 1915, 912 

=3 Parley and Davis, J Fkys Clem 1916, 20, 164 j J, 1916, 316 

® U.S Pat. 1206988 (1916) , J, 1917, 146 

24 U S. Pats. 1228368, 1228369 (1917) , J, 1917, 891. 

^ Amr. J Sc%, 1916, 42, 366, ^,1916, 1119. 

“US Pat 1167485 (1916), J, 1916, 485 
27 U.S Pat. 1139213 (1915) , J, 1915, 667 
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solution of potassium nitrate The positive plate of another cell is 
made with lithia and nickel oxide mixed with carbon An alkaline 
storage cell devised by L C Turnock*® has positive plates of nickel 
hydroxide and the negative plates are of pure metallic iron mixed with 
a small quantity of mercuric oxide , the electiolyte is 21 % potash 
containing 50 grms of lithia per litre 

The carbon cell of Hofmann and Ritter®^ appeals to be a true carbon 
cell since in it electrical energy is liberated by the oxidation of carbon 
to carbon dioxide It is therefore diifeient from the cell of Jacques 
(/ 1904, 940), and consists of platinum immersed in hypochlorite 
solution and carbon immersed in caustic soda , it may be regarded as 
an oxygen-concentration cell with a carbon depolariser , the voltage 
given is 0 76-0 91 volt The cell is really a semi-electrochemical 
oxidation and reduction cell since the depolarising action of the carbon 
IS chemical. In the same paper an iodoform cell with an E ME of 0 27 
volt and a nitrobenzene cell with an E.M F of 1 • 1 volt are described. 

Two examples of photo-chemical cells have been reported by T W 
Case In the first experiments,®- in which two copper plates were 
immersed in sodium chloride solution and connected by a wire externally, 
it was found that on exposing one to light while the other was protected, 
an E M F of O’l volt developed and a current of 0 2 ampere Sub- 
sequently it has been found®® that certain electrolytes (copper formate 
containing formic acid) deposit on the metal a photo-sensitive layer, 
and on coupling such plates and exposing one to light a current is 
produced It seems possible to develop along these lines a cell capable 
of converting light energy into electrical energy 

Electrodes and Electrolysis 

Several processes have been patented for rendering electrodeo of 
pyrolusite, magnetite, or graphite more permanent and efficient Pyrolu- 
site may be first purified by treatment with sulphuric acid, and after 
being moistened with manganese nitrate the substance is moulded 
into the desired shape By repeatedly soaking in manganese nitrate 
and subsequent igmtion a dense and hard electrode may be obtained 
Magnetite electrodes may be rendered less brittle by incorporation 

^ Gei Pat 294880 (1914), J, 1917,90 
Fr Pat 477323 (1914) , J , 1916, 608. 

Met 4* Chm 16, 259, J, 1916, 1023 

Z Elehiroclem , 1915, 21, 325 , /, 1915, 1101. 

Ifem Torlc Ekoi 8oo , June, 1916 , J , 1916, 1023 
Amei' Electrochem Soc., May, 1917; J, 1917, 1102 
w Ger Pat 282225 (1914) , US Pat 1143828 (1915), J, 1915, 622, 839 
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of cupric oxide, and an electrode of fused ferric oxide is recommended 
as a bipolar in the manufacture of chlorates An anode for use in 
sulphate solutions i4 composed of iron and lead oxides fused in the right 
proportion to give a composition agreeing approximately with the 
formula Fe20^,7Pb0 

The resistance of carbon electrodes may be diminished by intermixture 
of metal powders, such as copper, alumimum, etc , or salts or oxides 
of these which will 3 nLeid the metals during the ignition of the electrode 
Graphite electrodes can be made by using graphitic acid as a binding 
material and subsequently heating to the temperature of decomposition ® » 
To prevent the disintegration of graphite anodes during the electro- 
lysis of copper hquors, sufficient ferrous sulphate and sulphurous acid 
should be kept near to it, in order to prevent evolution of oxygen 
Copper oxide makes a suitable negative electrode The oxide is 
maintained at fusion temperature till an intimate mixture of cupric 
and cuprous oxides is obtained in the ratio of 1 2 , this is then moulded 
to the desired shape Such an electrode may be given a protective 
surface of copper which is amalgamated vuth mercury ■‘" 

Economy of platinum results from using alumimum as a support for 
platinum gauze , a reliable electrode of large surface is thus formed 
and no corrosion takes place where the two metals are in contact 
Another form of metal electrode which aims at economy of material and 
which IS suitable for giving high current density, is made of wires which 
hang in the bath and which may be weighted to keep them straight ** 
Alternating current is being increasingly used in conjunction with 
direct current for electrolytic processes Its mam function appears 
to be to keep the electrodes “ clean,” as in Wohlwiirs improved gold- 
refimng process Materials which would otherwise adhere to the elec- 
trode are prevented from thus impairmg its efficiency by being continu- 
ally shaken ofi by the rapid changes of pressure which the alternating 
current produces at the electrode surface ” 

In electrolytic measurements which depend m part or entirely upon 

^ Amer WectrocJiem Soc , May, 1917, J , 1917, 1102 

38 G-er Pat 281511 (1913) , J, 1915, 559 
87 Ger Pat 278038 (1913) , J, 1915, 236 
« Fr Pat 480803 (1915), J, 1917, 146 

39 G-er Pat 282106 (1914) , J, 1915, 668 
« U S Pat 1193741 (1916), J, 1916, 971 
“1 U S Pat 1129818 (1915) , J, 1915, 366 
43 U S Pdt 1211388 (1917) , J, 1917, 295 
« G-er Pat 295178 (1914), J, 1917, 224 
« U S Pat 1209710 (1916) , J", 1917, 146 

48 J 0 Ghosh, / Amer Chem Soc, 1915, 37, 733 , J, 1915, 559 
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the contact of a metal with an electrolyte (contact difierence of poten- 
tial) it is essential that the character of the metal used shall be always 
the same, and the reproducibility of metal electrodes has been in- 
vestigated recently on several occasions Thus, in working with 
copper, F H Getman^'> has found that spongy copper on platinum is 
the only invariable form He has found also that spongy cadmium 
is not reproducible, but that cadmium sticks which had turned grey 
in a solution of the iodide gave constant results Lead electrolytically 
deposited on platinum also gives a reproducible electrode 
A connection has been demonstrated between electrolytic and pure 
chemical processes by Keichenstem, who has recently published several 
papers on the subject which deal chiefly with the passivity of metals 
and the velocity with which metals are corroded by various solutions 
Some interesting results have been obtamed by the electrolysis of 
solutions of nitric, sulphuric, and phosphoric acids, using platinum 
cathodes and gold anodes The gold is attacked in all cases forming 
auri-mtric acid in the first case and mixtures of hydrated aurous and 
auric oxides in the last two cases ** 

When the current density on a cathode immersed in various aqueous 
electrolytes is increased sufficiently the cathode becomes red hot and 
may even melt Experiments have been conducted with a thin sheet 
iron cathode in dilute sulphuric acid, and it is suggested that the intense 
t heat eflect might be used for the surface-hardemng of steel objects 
and for alloying a metal surface with another deposited thereon.** 

Electro-osmosis Colloids 

The behaviour of colloidal particles under the influence of a potential 
difierence and the separation of these from one another and from crys- 
talloids, form the subject of numerous patents during recent years. 
In one of the simplest cases the coagulation of colloids is brought 
about by causing them to lose the charges of electricity which they 
carry , thus, by inserting electrodes m the chambers of a filter-press 
the filtration is facilitated by the coagulation of the colloids, which are 
thus prevented from blocbng the filter-cloth For the separation 
of the constituents of glue and gelatin, the solution is placed between 
diaphragms and subjected to an electric current which causes mineral 

Trans Amer Meoi Soc, 1914, 26,6V; J, 1915,365, J Arne) Chem 6’oc , 
1915,37,953, J, 1915,622 

*7 Z MektrooJiem, 1914, 20, 408 , 21, 359, /, 1915, 683, 1098 

*8 Trans Farad Soc, 1916, 11, 1V2, /, 1915, IlOO 

*** 0 Hering, Met ^ Chem Eng ,im, 15, 454, J, 1916, 1162. 

F IJlzer, Z angew Chem,im, 28, 1, 308 , J, 1916, 5V5 
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ions to migrate tlirough, the diaphragms ’ the albuminoid material 
becomes coagulated and may be fdtered ofi “ 

The process has been apphed by the Gesellschaft fur Elektro- Osmose 
to the tanning of skins The skin is placed between suitable diaphragms 
selected so that deleterious substances can pass away, but the active 
constituents essential to tanning cannot The hide is charged positively 
or negatively and the tanning colloids move towards it in^ virtue of its 
charge and are thus brought into close contact. The same firm has 
patented a process for separating various colloids from each other,®® 
which depends upon the use of diaphragms at difierent potentials. 
Non-sugars can be separated from crude sugar solutions and a solution 
of glue can be divided into several fractions. 

An important paper dealing with this subject and its technical applica- 
tions has been given by W. C McC. Lewis®^ entitled Some Technical 
Apphcations of Capillary and Electro-Capillary Chemistry ” 

Colloidal carbon has been obtained by passing an arc through various 
orgamc liquids in an ice-cooled flask A green or red-brovm solution 
was obtained which was very stable and showed the Tyndall effect. 
The final products of decomposition were carbon, chlorine, and hesa- 
chlorobenzene.®® The addition of colloids (gelatm) to electroplating 
solutions has long been used to produce a good deposit. The efiect 
was first thought to he due to “ reducing action,” then later it was 
ascribed to the “ protective ” action of the colloids , now, from a ^ 
study of the behaviour of electrolysed solutions of silver nitrate and gela- 
tin,®® it seems that the colloid combines with the amons in the solution, 
reducing their velocity When this velocity has been reduced to zero, 
the cations must carry the full charge, migrate as fast as they deposit 
on the cathode, and give a smooth deposit 
From a study of colloidal platmum and gold,’’ formed by the arc 
process, the former was found to he more stable than the latter. 
Stabihty was found to increase by the addition of certain ions (Cl, Br, I). 
Other evidence indicates that a certain critical potential difierence at 
the surface of the particles determmes the stability or instability .of a 
colloidal solution ®* 

Eng Pat 21448 (1914), J, 1915, 971 

Eag Pat 19849 (1914), J, 1915, 1020 

Eng Pat 11823 (1914) , /, 1915, 877 G-er Pat 295666 (1915) , J , 1917 
295 G-er Pat 294867 (1915) , J , 1917, 377 

« J, 1916, 675 

Z BUUroclem , 1916, 22, 252, J, 1916, 889 

Met Chem 13, 353,5 J, 1915, 721 

57 J Jmer Chem 8oc , 1915, 37, 2667 , J , 1916, 52 

58 P Powjs, Ttans Chem 8oc, 1916, 109, 734, J, 1916, 1015. 
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Conductivity 

Conductors of aluminium, iron, and zinc have apparently come into 
general use m Germany during the war. A layer of oxide is a sufficiently 
good insulator for field-magnet windings in low-voltage machines and 
allows economy of space As regards efficiency, compaied with that 
of copper, aluminium is 1-2 % less, zmc 3-6 % less, and iron 8-12 \ 
less The puce of aluminium being slightly lower than that of coppei 
renders it, on the whole, a very good substitute 
The conductivity ot numerous alloys and other metalluigical products 
in the molten state, has been determined. The conductivity of iron 
sulphide is much superior to that of cuprous sulphide Results with 
alloys of copper with tin, cadmium, and zinc demonstrate the existence 
of definite compounds having the composition, CusSnjCuiCdjjCuiZns 
According to C G Fink,*’^ the conductivity of a substance depends 
upon the shape and distribution of the component grams or 
particles and upon the presence or absence of thin films of secondary 
material on the particles On this basis, the diSerence between two 
samples of the same batch of coppei is due to one having the impurities 
unifoimly dissolved throughout, while in the sample with lower con- 
ductivity the impurity forms a film aiound the particles of pure metal 
The conductivity of pure water is probably due to the carbon dioxide 
dissolved in it under the partial pressure of carbon dioxide m air, since 
the values calculated from the ionisation constant of carbonic acid, 
the mobility of HCO'g, the carbon dioxide content of air, and the solubility 
of this gas in water, agree with direct determinations of conductivity 
The conductivity of certain electrolytes in organic solvents has 
been determined, and the substances classified as strong or iveak elec- 
trolytes, according to the rate at which their conductivities increase on 
dilution In quinoline, which has a higher dielectric value than amhne, 
the salts used showed a higher conductivity, and therefore this property 
IS certainly related to the conductivity of the dissolved substance 

, Resistance 

Alloys continue to be devised for making resistance material One 
such IS composed of iron 75 to 25 % and of a metal having the 
properties of nickel or cobalt One hundred parts of this alloy is 

E Kichfcer, Z BleMiochem , 1916, 23, 294, J , 1916, 970 
Z angew Chen , 1914, 27, Ref , 707 , / 1915, 362 
3Iet Sf Qhem Eng, 1916 15, 464 , J, 1916, 1162 
J Kendall, J. Amer Qhem 1916, 38, 1480, J, 1916, 926 
«* J nys Qhem , 1915, 19, 14, 1915, 175 
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combined with 10-30 parts of a metal of tbe chromium group Accord- 
ing to another patent the resistor is composed of copper with 5 % 
manganese and 5 % of tin.'® Nickel-chrome wire can be encased in 
a tube of the same alloy and insulated from it by a coating of aluminium 
silicate Such a resistor is flexible and very convcment to handle " 
Another resistor is made of a carbon base which is coated with a mixture 
of water-glass, clay, and graphite , the whole is then heated to fuse the 
coating to the base A tungsten resistance is made by’ embedding 
the metal between layers of silica , a current is then passed through 
the mass till the sihca is fused 

Two types of resistometer suitable for measuring the resistance of 
molten material are described in a paper by R G. Sherwood Alternat- 
ing current is used because it is found that parasitic currents and electro- 
motive forces become large and erratic above 500° C A specially 
designed A C galvanometer is used and the resistance-temperature 
curves given for metals and alloys possess a linear character 

Insuuting Materuls 

Much activity «ontinues in this class of work The mixtures produced 

generally include resinous or tarry materials, either alone, or mixed 
with mineral substances like silica, alumina, or asbestos 
Of those composed entirely of mineral substance, one consists of fused 
compounds of silicon, boron, and fluorine,’® another is made by fusing 
a mixture of silica, boric anhydride, alumina, lithia, and an alkali,”' 
the coefficient of expansion is very small, 0 00000056 
The insulating properties of asbestos may be greatly improved 
by removing all iron compounds by treatment with oxalic acid or other 
means, after which the resistance is found to be about one thousand 
times as great as that of the crude material. Aluminium wire may be 
coated with an excellent non-conducting film of alumina, by making 
the wiie the anode in a solution of sodium sihcate The film is fiexib e 
and will stand a pressure of 500 volts without short-circuiting to a 
similar wire next it ” 

U S Pat 1211943 (1917), J, 1917, 295 
U S Pat 1217578 (1917) , J, 1917, 4^2 
U S Pat 1200352 (1916) , J, 1916, 1224 
US Pat 1232843 (1917), J, 1917, 1017 
U S Pat 1234973 (1917) , J, 1917, 1017 
'3 J FrmUin Inst, 1916, 182, 477, 1916, 1162 

'0 U S Pat 1226088 (1917) , J, 1917, 722. 

75 US Pat 1233486 (1917), J, 1917, 1009 
T Schopper, Gummi-Zeit , 1915, 29, 1197 , 30, 243 , J , 1916, 93L 
73 Trans Amer. Meet Soc , 1914, 26, 137 , 1915, 360 
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Several new insulators contain only organic materials. A conden- 
sation product of phenol with formaldehyde, dissolved in nitrobenzene, 
possesses a high dielectric constant , the solution boils above 120°C. 
This IS mixed with naphthalene, and a filler such as cMna clay can be 
added Another is prepared from walrus or whale oil by heating 
until a dense fluid is obtained.” A non-inflammable insulating liquid” 
is produced by mixing pentachloroethane 93 %, dichloroethane 5 %, 
and hexachloroethane 2 %. Another insulator consists of a conden- 
sation product of phenols with anhydroformaldehyde-anilme, which is 
transformed into an infusible body by heating and then dissolved in a 
hydrocarbon of high insulating properties.” 

An insulator which is flexible, non-inflammable, and cohesive is 
formed by oxidising a wax-like chlorinated naphthalene with concen- 
trated mtnc acid.” Chlorinated naphthalene figures in another 
insulator” which is made by distilling the chloronaphthalene mixed with 
a basic oxide in order to break up unstable addition products. 

In another mixture,” shellac and resin are mixed with creosote oil, 
and while hot, alum is mixed into it ; by this means a substance can be 
obtained which is easily melted, non-inflammable at it^ melting point, 
and flows well, but ultimately sets hard without appreciable shrinkage. 
According to a later patent, a filling material is added, also alum to 
render the mixture non-inflammable, magnesium carbonate to lighten 
it, and hydrated lime to make it set more readily. This substance is 
suitable for both heat and electrical insulation 

Corrosion and Passivity 

This important subject has received much attention during recent 
years and numerous explanations of the phenomena observed have been 
forthcoming. 

The electrochemical explanation of corrosion and passivity of metals 
IS now very largely accepted. A far-embracing discussion of the whole 
matter is recorded in the Faraday Society transactions An important 
comparison of the corrosion of steels with their electrical properties 
has shown that a metal will dissolve in acid if the sum of its single 

US Pat 1156452 (1915), J, 1916 185 
U S. Pafc 1170000 (1916) 5 J, 1916, 550 
7« US. Pat 1235339 (1917), J, 1917 1053 
77 Bakehte Co , U S Pats 1216265, 1216266 (1917) , 1917, 461 

7» US Pat 1183423(1916), J, 1916, 745 
7® US Pat 1196505 (1916), J, 1916, 1069 
US Pats 1190814,1190815 (1916), J, 1916,897 
Trans Farad 80 c , 1914, 9, 203 , see J , 1913, 1113, 1114 
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potential and its overvoltage is less than the single potential of a 
hydrogen electrode. Overvoltage is here defined as the potential 
required to overcome the resistance offered by ail metal surfaces to the 
liberation of gas? Using different specimens a determination was made 
of the single potential difference m dilute acids, of the overvoltage by 
the back E M.F. method, and of the rate of corrosion of the specimens 
by acid and also when exposed to an Corrodibihty as determined by 
the sum of the single potential and the overvoltage gave results parallel 
with those obtained by measuring the rate of solution of the metal 
m acid. The electrical method therefore appears well suited for de- 
terminations of corrodibihty. 

The electrolytic behaviour of tungsten has been studied*® and the 
single potential of the metal determmed in Njl solutions of acids, 
alkalis, and salts. It was found to be lowest with alkalis and highest 
in neutral salts, and it was ascertained that tungsten dissolves anodically 
and becomes passive in these solutions by the formation of a film of 
hydrated tungstic oxides 

An interesting investigation of polarisation and electrode processes 
withzmc, cadmim, copper, and mckel is connected with this subject 
Foerster,*® in a paper on passivity, apphes the term to all oases of 
abnormal resistance to the passage of ions into or out of a liquid, and 
in particular he discusses the discharge of halogens on platinum, the 
cathodic deposition of metals of the iron group, and the polarisation 
of the electrodes which retards the liberation of the ions 

Decomposition Voltase. Overvoltage 

The decomposition potentials of alkah hydroxides and halides have 
been re-determined by Neumann and Bergve,*® who question the 
accuracy of values accepted hitherto Their values for fused caustic 
soda between 340° and 540° C. are 2-2—1 6 volts and the average tem- 
perature coefificient is 2 95 X 10“ ® Fused alkali halides gave the Mow- 
ing results : LiCl 2 ’ 62, NaOl 2*6, KOI 2 *8, CaCb 2-85 volts. 

The subject of overvoltage has received considerable attention 
recently. In one paper it is suggested that at the electrodes atomic 
forms of the elements are produced as unstable, reactive intermediates 

5-’ R Hadfield and E Newbery, Froc Foy Soc , 1917, A 93, 56 , <7, 1917, 219 

® Met ^ Chem Fng , 1917, 16, 40, /, 1917, 221 
/,1916, 51 

P Foersfcer, Z mgew Chem, 1915,88, 622; J , 1916, 125 

8^ Z FUktrochem , 1915, 81, 143, J 1915, 1088 

87 c W Bennett and J G- Thompson, J Fhyt Chem , 1916, SO, 296 , 1916, 
607 
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The changej moleciiIe->-atom->ion, is not completely reversible , the over- 
voltage IS a measure of irreversibihty and represents the excess of 
energy required to form a substance over that given by the re-solution 
of the substance This defimtion applies to both gas and metal over- 
voltages Haber’s theory of a gas layer on the electrode seems improb- 
able and does not fit the case of metals, but Nernst and Tafel suppose 
that ions must be driven into the electrode before liberation, and accord- 
ing to their view overvoltage represents the energy required to ‘'drive in ” 
A great number of overvoltages have been determined by E. Newbery 
and his investigations should prove very useful in technical woik. 
He defines overvoltage as excess of back E M F over that of an oxygen 
or hydrogen electrode in the same electrolyte The author points out 
that anodic overvoltages are considerably higher than cathodic 
ones and this renders the graded oxidation of organic and other com- 
pounds difficult Cathodic overvoltage seems to be a periodic property 
of the elements. It is considered that overvoltage and passivity are 
in some way connected with the formation of compounds of the electrode 
material and the discharged ions The original papers or abstracts 
should be consulted for detailed information ^ 

Voltameters 

A silver voltameter has been described which is reported to be 
accurate to within a few hundredths per cent ** 

According to T. W Eichards a correction is necessaiy on account 
of the electrolyte which becomes occluded in the silver deposits and 
which amounts to 0*004 to 0*035 % 

The “ volume effect,” that is, increase in weight of silver deposit m 
large voltameters over that observed in smaller ones, has been proved 
to be due to impurities m the electrolyte 

Electrical Separation op Substances 
Under the influence of a considerable potential difference it is possible 
to separate finely divided particles from each other, or from gases and 
liquids, the constituents of emulsions may be separated and even a 
mixture of gases In separating finely divided particles by means 
of a convective discharge, use is made of the different dielectric values 
of the particles themselves.®* In the purification of suspended matter 

Tram Chem Soc , 191(>, 109, 1051, 10615, 1359 , J, 1916, 1265 , 1917, 145 
® JSull Bureau of Standards, USA, 1914, 10, 475, J, 1915, 91 
J. Amer Chem Soc,im, 87, 7, J, 1915, 143 
Bull Bureau of Standards, USA, 1916, 13, 447, J, 1917, 391 
“ US, Pat 1116951 (1914) ; / , 1915, 37 



ELFfTRn-rHFMTSTRY 


2S9 


liomgasw the is goiicrallv ])asspfl tliioniili a fliaiiicd luliu whidi 
tontaiiis dll d,\ial wJie hImi f ti.iiircd O.sn]]d,toi\ dI^^llclr2e^ oi hich 
lieijui'juy fii('/‘iii])l(’ncd ®" Jn one foim watei or otliei li<|iiid eojidiicdoi 
luiis down tJic dis( li.irgo uire m oidei to |iie\L‘iit Mispended niattei 
Irom depositing upon ‘it and so leducmg its efficiency 
The method has been applied to clearing sulphuric acid mist, lead 
and zinc dust, as well as smoke from flue gases, using a diiect curieiit 
of 20,000 to 75,000 volts It has also been used for separating gaseo 
bv cooling to produce a cloud, and then usiiia the discharge to precipitate 
the cloud 

In a paper by W W Strong, attention is drawn to the fact that practice 
m this sphere is much in advance of theorv owing to the lapicl advance 
in the construction of suitable appaiatus 
An outline of the underlying general ])i incipleh is gi\en and im- 
portant matters i\hith must be studied for futiiie develo]nnent are 
indicated 

The coagulation of small particles by electa olysis has been applied 
in Landreth s process for piuif^ung sewage Petroleum emulsion can 
be separated bV subjecting it to the influence of an alternating current , 
the water coalesces as it passes through the " treater ” and falls to the 
bottom. 

Separation of gases by diiect-current discliaige is in the expeiimental 
stage. F Skaupy^®“ has shown that when mercury and the ineit gascst 
are mixed with active gases, the latter pass to the cathode Com- 
ponents of dissociable gases, such as aluimnium chloride, can be com- 
pletely separated and eithei deposited, or led off from the mughhom hood 
of the electrodes Further, hydrocarbon gases undergo condeusatnui 
with consideiahle reaction velocity, without carbonisation. 

Atomic Weights 

The atomic weights of cadmium and zinc have been determined bv 
electrolysis of solutions of the purified bromides, using a raercmy 
cathode * 

US P.it 1 120, )61 (1914), /, 1915, 91. Eng Pat 18357(1913), J, 1915, 804 
w Gei Pat, 286912 (1913), /, 1916,243 
JEng 4^ Mining J, 1916, 101, 385, J, 1916,410 
y*- US Pat 1204906 (1916), /, 1917, 308 

Tmn<t Amer Meet Soc, May, 1917, J 1917, 1137 
US Pat 1131067 (1915); J’,l9li5,433 
US Pat 1142759,1142760(1915), 7,191 >,788 
Bei' Beuh Phgs. Ges , 1916, 16, 230, 7, 1916, 1068 Bei , 1916, 49, 
2005 , 7, 1916, 1162 

G P Baiter, 7 Aim Chem Soc, 1916, 38, 857, 7, 1916, 605 
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REKif^iNu OF Metals 

Copp<‘) Hy/i^<>/ylonustli('SiiLje(!tol sovoial iMpoisiocenilv publisked 
The liiglier cost of laboiii m tiie senes system of lefinmg is equalled by 
the highei power cost of the multiple system, but the ioiinei must bo 
juovided with high-grade anode matciial, whereas lower-grade anodes 
and material running high m silver and copiier may be used in tlie 
multiple system On the whole, this system is rejilacing the older series 
system The crvstalhne structure of electro-deposited copper is the 
subject of several investigations Solution stratification can be used in 
the purification of electrolytes in copper refimng Cuirciii IossCkS in the 
multiple system are summarised by L. Addicks Thev include [a] 
current leakage to ground , (6) reactions involving deposition of 
impuiities , (c) cathode shrinkage, due to re-solutioii of the coipier 
by sulpliimc acid or feme salts While 92% efficiency may be obtained 
by good working conditions, disregard of these may cause it to fall to 
60% The same author gives an interesting account of the im]miities 
generally met with^"® Silver, gold, tellurium, and selenium show a 
recoveiy of 97% wdiile nickel passes into solution to the extent of 
99% Almost the whole of the aisenic passes into solution, together 
with iron and zinc, while lead, antimony, bismuth and sulpliiir pass 
into the slimes Foul electrolyte, after having most of its copjier 
removed, is boiled down to remove nickel salts and then cooled to 
crystallise sodium salts In another paper the same author describes 
the working up of the slimes Other particulars of this industry are 
given by F Johnson 

Tin refining from tinplate scrap is the subject of two patents ami 
the deposition of the metal from various solutions, with a view to 
refining, has lieen tried The use ot fluosilicie acid has been 
patentedd^^ 

^“2 p. L, Gill, JSuff and Mining J, 1916, 101, 9, J, 1916, 181 

Von Schwaxz, Ini Zeits MetaJlog , 1915, 7, 121 , J", 1910, 257. A. Siennts 
and W Wippelmaun, Z anorg Chem, 1915, 91, 1, J, 1916, 604 

/ Amer Chem floe, 1915, 28, 111, J, 1915, 1096 Eng Pat. 100318 
(1916), J, 1916, 1222 

Jfff and Chem i?Ky , 1917, 16, 23 , J, 1917, 220 3fet and Qhm Bng , 
1916, 15, 566, 1916, 1263. 

Met and Chem ling, 1917, 16,687, /, 1917,966, Mel and Chem ling, 
1917, 17, 169, .7,1917, 1051 

Amer Inst ofMetah, 1914, 8, 165 
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Anlnnonij Fk'o frutii aiKtnu liarf 2 ]ut yor, a|>paiPJith', been piodiice/l 
by cle(‘tiulYHi,s, dltiiougli many iiu'tliods liave Lpcu +ried 

Gold hidhoiuivfining is now laigely earned out m Amenca by the 
improved Wohlwill process, using pulsating cuiicnt This jirocess is 
compaied with the older suljdmiic acid and ch](jimi‘ ](iofes,«es in a 
])aperbyT K Rose The electro-depositiou ol gold silvey amlcuppei 
fiom cyanide solution, as piactised on the Rand and in Ameuca is 
discussed in a pajiei bv 0 H Clevenger.^'* 

Extraction op Metals 

Tiie develojiment of electiolytic and electro-metallurgical nietliods 
tor |irnducing metals has jirogressed rapidlv since the outbreak of the 
wai Cheat ])rogiess is leported fioin America vheie m addition to 
electnc furnace juuducts such as steel and ieiro-ailovs, verv huge 
quantities ol aliuninmin, zinc, and magnesium liave been piuduced 
During 191 (>, the Anaconda Cojjper Co was tunimg out electiulvtic 
zinc at the latc oi lUU tons pei dav. and this mctliocl of producing zinc 
lias f 01 cod its, way foiward, while electric smelting of zinc ores has 
shown little pi ogress 

Copppy IS now obtained in considerable quantities by electroh’sis 
of the liquors obtained by leaching the ore with sulpluuic acid^^* or 
ferric sulphate solution , the anode liquor dining electrolysis becomes 
em idled in acid and is used rejteatedly for leaching A discussion* 
of thih iiidiLstiT took ])lace lecently in Amenca Feiniginous oies 
aie generally roasted before leaching to com^ert the non compounds 
to EejO;i , after exti action, basic lernc sulphate may be precipitated 
by the addition of freshly oxidised ore In another process, a stream 
of sulphur dioxide is adiuitted in the anode region to pire vent its polariza- 
tion bv oxvgen The original process of Siemens und Halske has 
been modified by extracting the roasted ore with feme sulphate in 
two steps, (1) using a cold dilute solution, (2) using a moie concen- 
trated and hot solution ; most of the copper is leached out during the 
second extraction 

xA G Betts, Ttam Aiiiei' Elect (Soc , Sept , 1915 , /, 1915, 1097 
Tjan<i Inst of Mimnq ami Met , 1915, 24 , .^5, /, 1915, 495 
Tnin^ A)m 'Elect Sue , 1916, 28 , 263 , 1915, 1095 

TJS Put 1179522 (1916), J, 1916, 640 US Pat 1232080 (1917), J, 
1917, 929 

Amer Elecirocliem Soc , Apiil, 19Io , J , 1915, 619, 

HI US Pat 1134767 (1915), /, 1915, 558 
Eng Pat 108688 (1916) , J, 1917, 1100. 

HS US Pat 1136424 (1915) 
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Copi^or, gold and silvei ores can be extracted hy electrolvtic chlorine 
A laiei oI lueicnrr sepai ales the anode fiom the cathode (oinpaitineiit 
and absorbs the sodium hlicratnd , tJie extinct then [)dss(',s to Ihc 
cathode, where the metal (Cu, Ag, An) is deposited and the clilonne 
combines with the sodium amalgam to le-foim sodium cliloiide which 
IS thus employed repeatedly 

In a process patented by L Addicks,“^ carbon anodes are used , 
these are depolaiized by ferrous sulphate, and aluminium sulphate 
is added in sufficient quantity to counteiact the solvent action of 
leirous sulphate on the cathode copper The author has given a full 
account of the research work which led to this piocess^*- Zinc and 
lead are now extracted by electrolysis^'® aftei the oies have been leached 
with suitable solvents Roasted zinc ores have been leached with 
calcium chloride liquors m the presence of carbon dioxide, for some 
time past both m England and in Germany In America, sulphimc 
acid leaching has developed during the last three yeais, the solution 
obtained being electiolysed with cathodes of copper or aluminium and 
anodes of lead or manganese dioxide The Anaconda Coppei Co 
has completed a plant foi producing 25 tons of metal a day by this 
method At Bully Hill Mine in California the sulphate liquor is first 
precipitated with lime, and the resulting zme hydroxide and calcium 
sulphate are suspended in the electrolyte to neutralise the acid as fast 
as It is liberated at the anode. The presence of a colloid in the liqiioi 
does not improve the deposit of zinc obtained 
Lead is obtained by chloridismg or sulphatismg roasting, followed 
by leaching with saturated brine On electrolysis a spongy metal 
is obtained, but this can be melted down if mixed with a reducing agent. 

In connection with the wmmng of aluminium, a re-determmation 
of the densities and melting points of various mixtures of cryolite, 
alumina, and fluorspar has been earned out by P PascaP®® and a pro- 
cess has been devised for recoveimg this metal from oil-refimng residues 
by roasting part of the aluminium chloride and coke, mixing this .with 
a fresh residue, and electrolysing the fused mass 
Sodium production is the subject of a report by T. H Norton,^” 

US Pat 1137874(1915), 1915, 665 

US Pat 1138921 (1915), J, 1915,666 
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\vlio advocates the organisation of this industry and the utilization 
of both the Castnci and the Darling processes A cell has been devised 
on the Castner piiuciplc for producing sodium under a pressure of at 
least one pound per sq in The pressure raises the boiling point of the 
metal, and the loss by.vapoiisation is diminished Another improve- 
ment”® m the electrolysis of alkali hydioxides in a fused state is the 
supplying continuously of fresh hydroxide to the cathode region, m 
Older to prevent accumulation of water in the melt as a result of the 
reaction between the liberated hydroxyl ions 0 E Acker”® has 
patented the use of cyamdes and cyanamides in the Ashcroft cell for 
pioduciiig sodium from fused chloride He states that these com- 
pounds arc more satisfactory than the chloiides. 

Nickel jnoduGiion also continues to receive attention. The pro- 
duction of nickel or copper-nickel anodes suitable for electrolysis 
work, and the separation of these two metals is the subject; of two 
patents A. pajier by R Riedel is devoted to the deposition of this 
metal from nickel chloride solutions with a view to utilisation of the 
liquois obtained after the deposition of copper from ores contaimng 
nickel , acetic* acid is recommended for preventing spongy deposit 
Pme iron can he obtained by electrolysis of solutions of fluoride or 
sihcofluoride of the metal 

Antimony can be obtained from stibmte by solution in caustic soda 
or sodium sulphide, the electrolyte being ciiculated between iron 
electrodes Metal of high purity can be obtained in this way A* 
fluoride solution acidifled with hydiogen fluoride has proved a good 
medium for depositing antimonv , an organic substance is added to 
prevent the formation of a crystalline deposit”® 

Tungsten can be obtamed by the electiolysis of fused sodium 
tungstate,”® also by electrolysis of a fused lower oxide oi mixture of 
oxides of the metal 

Magnesium is probably now produced from carnaliite by a contact 
electrode method similar to that used for calcium A cathode of iron 

Pat 466205 (191S) U 8 Pat 1197167(1916), J, 1914, 600- 1910, 

1068 

Eng Pat 17763 (1914), J, 1915, 967 
*50 U g Pat 1142220 (1915J , J, 1915, 803 
*** US Pats 1128314, 1128 516, /, 1915, 361 
Z Fleltrochem , 1915, SI, 5 , .7 , 1915, 555 
Eng Pat 1 137 (1914) , J , 1915, 142 
J Ainei Inst Metals, 1917, 11, 83, J, 1917 1180 
*55 E C Mathers, Elect) oe^em , Soc, May 1917, J, 1917, 1049 
** U S Pat 1196699 (1916), J, 1916, 1067 
1*' US Pat 1302534 (1916) , /, 1916, 1264. 
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coated wibli ziiio is stated to overcome efiectively ik globule tiouble, 
and b}' using several cathodes near togeikcr large masses ol magnesium 
may be collected 

Comm can be obtained, m compact form, by electiolvsis of the fused 
anhydrous chloride m an iron crucible catlioded®’ and the feiro-cerium 
alloys (Misch'inetal) arc obtained by electrolysis of the fused anhy- 
drous chloiides of cerium, lanthanum, etc , the fluorides aie not so 
satisfactory, as the alloy does not sepaiate iii so coheieiit a iorin 
The uiie emlh metals can be fractionally deposited as hydroxides 
on the cathode by electrolysis of a mixture m aqueous solution 
A number of new cells oi electiolytic tanks has been devised ior 
dealing with the electrolytic separation or recovery of metals geneially 
In one of these, a series of plates foim the electrodes at the bottom of 
a tank devised foi lecovcnng metallic particles in suspension The 
liberated hydrogen carries the pai tides to the tup and the outflowing 
product is cyamded, aftei which the cyanide solution may be elec- 
trolysed ““ 

Metalliferous pulp is treated m another cell by ruuiung it over 
mercury cathodes on which it amalgamates In aiiot^ioi, an anode 
bell dipped into the electrolyte serves to draw oil the anode gases— 
chlorine, oxygen, ozone— which can be utilised for extracting fresh 
ore Several modern cells are fltted so that the diaphragms or anodes 
can be kept m motion during electiolvsis to prevent the anode fiom 
becoming coated with non-adherent material/*^ A special connection 
of electrodes has been devised to reduce the numbci of tank connec- 
tions by one half, thus reducing the eiuient losses due to these contacts , 
this IS specially applicable to refining where a nunibei of tanks arc 
m senes If the ore to be extracted is in contact with the cathode 
it is leduced, frequently, to the metal by the cathodic hydrogen It 
has been pointed out by G. H. Clevenger that generally electrolytic 
deposition of metals from cyanide solutions is much less complete 
than chemical precipitation, and it is more economical to complete 
the deposition in zinc boxes 

U ,2 Pat 1190122 (1916) , J, 1916, 89b 

Met and Chem JBng , 1917, 17, 213, J , 1917, 1U99 

J, 1917, 373 141 u S Pat 111 5513 (1914) 

U S Pat 1205207 (1916) , 1917, 88 

U S Pat 1233363 (1917), /, 1917, 1014 
II S Pat 1183188 (1916) , J, 1916, 745. 

U S Pat 1187903 (1916) ; 1916, 897 U g Pat 1191300 (1916) , J , 1916, 931 

II S Pat 1206963 (1916); J, 1917, 14G 
1^' Ir Pat 469516 (1913), J, 1915, 36 

JUnff and Mining /, 1916 102, 579, J, 1916, 1114. 
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Alloys ELBCTfiOPLAiiNO. 

The electio-clcpotjitiori of a,lloy6 has not occupied much attention 
lecently An anvestigaiion of the vaiioiis conditions affecting the de- 
position of eleotiolytic brass, deals with the separation potentials of 
zinc and copper from ‘complex cyamde solutions and the influence of 
\arious addition reagents to the electrolyte’-*® An investigation by 
Brum and Amadori deals with the production of various mckel-iron 
ami nickel i ubalt alloys by electrolysis of solutions of the mixed salts 
In addition to the production of ferro-cerium pyiophonc alloys, to which 
I'efeicnce lias been made, alloys with like properties have been prepared 
by electrolysis of solutions containing ferious sulphate magnesium 
chloride, and gl}ccrm. The alloys contain caibon compounds, metal, 
and oxides, and yield sparks when scratched with metals 

Electroplating solutions have foiiued the subject of several recent 
in\ estigatious A boiling solution contaimng aimnomiun or sodium 
jihosphates is recommended foi platmumfl"- and various cv'anidc solutions 
have been studied in connection with coppei plating Plating with 
silver cyanide sometimes gives a non-adherent deposit w’hich is ap- 
paicntl}' duo to foreign metals, in the plated object, dissolving in the 
bath Bronze can be deposited from alkali oxalate-cyamde solutions 
of copper and tin For the plating of tin and aluminium on iron and 
other surfaces, phosphoric acid m the bath gives good results A 
general method for preparing plating baths has been devised, m w’hich 
a solution of the metal is first precipitated as hydroxide, and this 
IS dissolved in a suitable solvent (cyanide, etc ) to which sodium sali- 
c vlate and ammonia are added • A report to the Canadian D epartment 
of Blines states that plating with cobalt is, in most respects, superior 
to nickel plating 

Eleoteolytio Peodxjction oe Hydeoge2v axi) Oxygen. 

The application of the oxy-hydrogen flame to welding, cutting, and 
heavy lead work has called forth the invention of many new' cells for 

EkUuM'hm , 1916, 22, 286 , J", 1916, 967 
1913,430 

Jirenunn and Lorbci, JlonaU Chmie^ 1914, 36, 1687 , J”, 1915, 719 

Blekhochem Zeits.im, 21, 193, /, 1915, 495 

'Met and Chem 1915, 13, 255, J, 1915, 496 

ftary .and Porter, Amer Elect Hoc, 1913, 28, 3u7, J , 1915, 1096 

Zed Elehtrocliem , 1913, 21, 371, J , 191.5, 1096 

Eng Pat 11011 (1915), J, 1916,930 

Eng Pat 9957 (l91o), /, 1916, 543 

J Ind and Eng Chem , 1915, 7, 379, J, 1915, 619 
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the production of these gases Many of these belong to tlie filter-press 
t ype which was first devised bv 0 iSchmidt m 1890 ^ Most of them are 
built m such a way as to lemovc all iisk of \aiutioii in gas piessurc 
111 the conipaitments and so dimmish the chance of dangcious gas mix- 
tures being formed In one of these the electrodes have been specially 
designed to allow the gases to pass from them quickly, and the dia|)hragm 
IS rendered gas-tight hy a special fitting round the outei edge of the 
frames^*® Another arrangement which has found favour is that of a 
tank negative, from the lid of which is suspended a bell-shaped anode 
surrounded by an asbestos sack diaphragm One of these is built 
to stand considerable pressure, so that the gases may he collected in 
storage vessels as they are evolved,^*® and m another cell special arrange- 
ment IS made to enable the positive electrode to be removed without 
distuibmg the diaphragm^®* An account of the hydiogcn-oxygen 
plant at the works of the Tennessee Copper Company has been given 
by L 0 Curran, who compares the low cost with that incurred by 
purchasing outside supphes of the gases.”* 

Sterilization op Liquids. *■ 

Many patents have recently been granted for the electrolytic stciili- 
zation of sewage and putrescent liquors In some of these the solid 
matter is precipitated as far as possible by the addition of lime, and 
then the filtered liquor is made to pass between electrodes where it 
liomes under the purifying influence of electrolytic oxygen and ozone 
Sometimes the liquors are subject to electrolytic action during filtration, 
by a current passing between the filter-plates Alternating current is 
sometimes used and the liquor is passed through a nariow electrolytic 
zone between electrodes with a high current density Electrolytic 
coagulation is used m another process for precipitating solid matter 

Sterilization of milk is the subject of an interesting paper by F C 

US Pdt I3U687 (1917), J, 1917,295, aU US I’al^ 1212229, 12U9:jl 
(1917) 
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Lewis, who describes apparatus for subjettiiig the milk to a high 
\’'oltage current as it traverses a glass tube fitted with copper electrodes 
The cost is small,, harmful bacteria arc exterminated, while taste, 
buttcr-formmg and other necessary qualities are not inijiaired 

OzOKE. 

Many patents continue to be granted for apparatus for producing 
ozone Most of these relate to improvements of the standard form 
consisting of electrodes between which sheets of dielectric are fixed 
Mica sheets are used in one machine, fitted in a frame of uon-condnctmg 
material, and metallic gauze electrodes arc fixed m the centre of each 
compartment In another device, two concentric glass tubes are used 
and mercury clectiodcs press against the glass which lias been etched 
01 sand-blasted m order to give numerous fine points for discharge > 

Another ozouiscr consists of a number of glass tub(*s ^^hlch eontaiii 
nietallio threads, and around the outside a metallic spiral is wound 
A device has been patented for producing pure ozone by condensing 
it to liquid form, the more volatile nitrogen and oxygen being allowed 
to escape”’ Lechner”^ gives an account of experiments with al- 
ternating current and interrupted continuous current, showing that 
the quantity of ozone produced is proportional to the quantity of 
electricity flowing through the reaction chamber Sachs”® points 
out that an ozoniser acts as a condenser, and above a certain limiting 
value of potential difierence, discharge takes place The ratio, quantity 
of electricity to maintam continual discharge 'difference of potential 
betw’een electiodes gives a measure of the capacity of the ozomser 
Chemical changes in the gases facilitate the passage of discharge, 
because, with air, oxygen, and caibon dioxide, capacity increases 
with the rate at which the gas is passed through 

Caustic Soda and Chlorine 

Equal attention appears to have been given to the improvement 
of both the diaphragm cell and the bell cell, during the past threg years 
The mercury cell and the ' fused salt ’ cell have seldom figured m the 
patent literature Three new cells are built on the Hargreaves-Bird 

i"" Ensr Pat l()7o0l, 108203 (1917), /, 1917, 969, 1016 
LIS P.if 1218S17 (1917) 

Knox Terpezoue Co, US Pat 11*10827 (lOll) , J, 1910, 122 
1'- Fr Pat 172184(1913), /,19L5, o09 
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‘W 21 MeUiOihem , 1915, SI, 309 , J, 1915, 1101 
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pniKiple 0110 lias a (J-sliajicfl pennoahle catliodo which is placod in 
a containei , steam is supplied to the catliode surface and forms alkali 
luth the lihoiated metal The second is cylnnbical and contains a 
ling ol caibun anodes m the brine eompaitmcnt, which are sunoimdcd 
by a diaphiagm having a metal cathode cylinder, closely fitting round 
its extenor suilace, down which the alkali solution flows as it forms 
Tlie thud is a c.cll similar to the Haigieaves-Bird cell in eonstiuction 
but having a reinforced concrete casing Three moic cells are fitted 
with hori 23 untal diaphragms In one of these, by Siemens und Hahke 
A 'fi , the diaphiagiii rests on a network of asbestos rope ^ In another, 
the brine enters by an opening slightly above the level of the diaphragm 
and flovs across the cell, after leaving the cell, cliloiinc is expelled 
fioiii the liquor by heating The third is similar to the Billitei-Sicmeiis 
coll 111 construction^®^ He^eral improvements rn the bell cell are 
directed to improve the flow of liquor in this tvjic ^®“ In one cell of tins 
kind a diaphragm is fixed in the bell, di\iding it into upper and lower 
poitious ^®® A lepurt of '' trial runs ' with the Billiter-Lei kaiii cell 
(which is a bell cell) is given by J A'amasaki,’''' who records, alkali 
concentration ii-lS'l, cuuciit cfliciency 92 /, puntf of cliiorme 
95 /J A previous report on the high efficiency of this cell was given 
by Allmand ' 

A mercury cell, patented by F McDonald contains a central 
anode compartment enclosed by a perforated slate partition which is 
closely surrounded by asbestos and outside this is a mercury cathode 
In another cell,^®’ the floor, on which the sodium amalgam flows from 
anode to cathode compartment, has a senes of ridges or impediments 
at right angles to the flow of mercury, which help to break up the surface 
and keep it mobile 

A fused salt ” cell has been devised in which the collecting vessel, 
lor the alkali metal, is made of a zircoma mixture which resists the action 
of both alkali and chlorine 

U Pat 1143210, 1149211 (1915), /, 1915, 909 
TJ« Path 1176540, 1176541 (1916), J", 1916, 547 
U.>S Fat 1125201 (1915) , J, 1916, 236 
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TJie purification of eleitrolytic cliloiiiie can be accomplisiied by pa&sing 
tbe gas over a catalyst to accelerate tlic combination of the h} drogen 
with chlorine and the lesultmg hydrogen chloride is then oxidised by 
passing over the same catalyst at a lower temperature^’® Caustic 
soda can be puiihed b\: clectiolvsing the 50-60 piroduct (Ka^ 0) with 
a steel cathode at a temperatuie of 80M7j’ C , oxygen is liberated at 
the anode and iiietallic impurities are precipitated 
The relation between evaporation plant loi electrolytic soda and the 
source of power has been discussed , the evaporation plant which is 
best for water poiver will not prove the most economical if steam be the 
power soincc 

Hypochlorite, Chlorate, Fepohlurail 
According to one patent/®® the gases produced by ihc ehriioly-sis of 
chloride or alkaline sulphide liquois arc hisi diu^d and then u^ed for 
bleaching, disinfecting, or deodorizing 
Bleach liquor can be produced by electiul} sing alkali chloride solutioib 
with graphite anodes relying upon a hcavv current to cause the hydrogen 
to clear acvay quickly, before it has an oppoitumty of leducing the 
hypochloiitc In another form of apparatus, deflectors on the anode 
cause the chlorine to be distributed throughout theliqmd, and a similar 
mechanical contrivance ensures rapid removal of h} diogeii/'’* A cell 
suitable for producing antiseptic solution from sea water has been fixed 
on board sliip^®* * 

Chlorates can be produced by electrolysing ehloiid(‘ solutions fiist 
at low temperature (35°), with graphite anodes, and then, in a second 
cell, at about 70° C , with platinum anodes and non cathodes i’® In a 
cell by A U Betts.^®’ carbon anodes and magnesium cathodes are used 
with a coaise diaphragm to hinder the mixing of anode and cathode 
solutions , felspar is used as the raw material, and after roasting with 
lime the extracted bquor is used in the cell A process by A. E Gibbs 
for the production of both chlorate and perchlorate is the subject of 
another patent 
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Wrious Imohganic Products 

It IS e\i(loiii fioiu tlic number of patents and papjeis, leccntl} issued, 
which deal with the electrolytic production of iiioiganic substaiiccs, 
that the development of eleotro-clicinistry m tins particular province 
IS being mamtained, A brief reference to the vatious items will render 
possible a faiily complete view of recent progress Alkali nitrates 
can be decomposed m a cell of the “ bell ” type , mtrites arc formed at 
the cathode and the nitric acid produced at the anode is driven over by 
steam A paper by Crook and Booth shows the possibdity of obtaining 
potassium cyanide and sulphate by electrolysing alkali thiocyanate 
solutions 

In the [iroduction of potash by elcctrol)&is of potassium sulphate 
solution) lion electrodes arc used and the anodic mixture of KiSOiH- 
Fo2(SOi)' 3 is suitable for a fertiliser -"i 
To obtain alkalis from kelp, this is electrolysed m a divided cell with 
a mercury cathode 

Cuprous oxide, obtained by elcctrolyhis of sodium chloiide between 
copper electrodeS) is improved in colour and uniformity by adding 
sodium nitrate to the bath and heating 
The production of pure alumina from crude alkali aluminate isrealh an 
application of electio-osmosis, since the chemically precipitated alumina 
IS finally subjected to current eftect while encased in a diaphragm of 
^viscose, to remove all alkali 

Perborates can be obtained by elcctiolysmg solutions of borax 
containing a considerable amount of soibura carbonate The process 
18 the subject of several patents and papers 
Fractional electro-deposition of the rare earth hydroxides has already 
been mentioned and particulars of work on this subject will be found 
in two papers by L M. Dennis and co-workers 
Pure silicic acid, specially valuable for stabibzing colloids, can be pre- 
pared m a similar manner to alumina, already referred to, by enclosing 
alkali sihcate in a diaphragmed anode compartment during electrolysis 
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Puio titaminii dioxide if>prpnpitated at tiie catliododminfielertioh'si^ 
ul an add boluiioii (‘ontauiiiiir tJii.s hubbtaiKn* 

Jlydra/Ane and -liTdiazou add - an h(‘ pn'jiaied In elertrolvtif 
oxidation id aininonu The former is produced w hen aqueous ammonia 
IS oxidized in the piesonce of sodium chloride and glue and tlie hydrazine 
sulphate in presence of sulphuric acid can be further oxidized to hydr- 
azoic acid 

Arsenic acid and arsenates can be produced m good yield bv elec- 
trolysis of arsenious oxide suspended in brine 
Hydrosulphite production continues to he the subject of patents,*” 
as well as the preparation of ammonium persulphate and from this 
of hydrogen peroxide 

A good yield of concentrated sulphuiic acid is obtained by electrolytic 
oxidation of sulphurous acid,-” and m a similar niannei selenic acid*” 
18 obtained from a nitric acid solution of SeO.-. Ohronious salts are 
obtained in good \neld by electrolytic reduction of violet and green 
chroimc salts,**'' and an exhaustn e study of the electrolytic oxidation of 
manganous salts has been made **® The electrcljiic production of 
iodine is the lubject of a papei, wlule the production of chloime and 
bromine from potassium salt mothei-liquors is dealt with in anothei 
In the last paper the production simultaneously of a magnesium 
oxychloride cement is discussed**" 

The production of cobalt oxides electrolvtically has been patented , 
the process is also used for producing nickel oxides *** * 

Production of Organic Compounds. 

Eecent literature records fair progress in the application of elec- 
trochemical methods to the production of organic compounds. Most 
of the papers and patents refer to reduction or oxidation processes , 
a few refer to synthetic methods 

'"JS Fr Pat 47564,2 (1914), 16 US Pat 1235638 (1917), J,m7^ 
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Bediutioii 1)^ clcotiolyais has l)ecn applied in the lolluwuig eases — 
Di'Seronrlai } glycols by Ihe leduction of saiurated alipliatu; aldehydes/’-'' 
phenjJhydroxylammc by reduction ol nitrobenzene with zinc elec- 
trodes in neutral solution,*'" electrolytic hydrogenation of unsatiirated 
fattj' afids/^’-and the formation of ethylene nom aeeUlene in the 
presence of chrumoiis salts The fonnatiun of arainohydiuxy'Coin- 
poiuuls IS favoiiied by reducing nitro-compoiinds with a cathode 
eoni];osed of two or moic metals/-’ 

The reduction and oxidation of arsenical compounds has been in- 
vestigated by Ficliier and Elkind’’^ and a general piocess has been 
patented for oxidizing or reducing oigame substances when in an 
emulsified state 

The electrolytic oxidation of ciesoLs to the conesponding hydioxy- 
acids IS the subject of another patent, and a process has been devised 
loi elertrolytic lecoveiy of the meinirv used in catahsmg the 
cunveision of acetylene to aldelijnlo -•* 

A study of the electrolytic chloiination products of benzene and 
toluene is desciibed by Ficiiter and Glanzstem 
An inteiesting svntliosis of iartaiic acid Ironi caibin, steam, and 
chlorine has been devised, winch follows the course, foimate-> 
os alate^gly oxalic acid-^-taitanc acid 
In two piocesses the silent discharge has been utilized for syntliesising 
lydiocarbon gases, pioceedmg from liighei to lowei molecular weight 
-or nee 

Rubbei can be coagulated by passing a cun ent through the latex,- " 
and a method has been devised for ageing wines and beers electrolyt- 
leally/®^ 

Electric Furnaces and Electric Furnace Products 

Very great activity has beendisifiayed m the development of electric 
furnaces Many of the improvements lelate to fiiinaces built for special 
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piodufts, notaLlv zinc or tin, and for gaseous icactionn mfliiding the 
(ixation of atmosphoiic mtiogeii Most of Iho patents re fci to impiove- 
ments in [uriuces iiw'd ioi general heating and smelting purposes of the 
aic, lesistoi, o’! induction type 

Broadly sjjeaking, the recent impioyenients .11 e coiiceined with 
maintaining a constant current controlling hiyh temperatuieby^' tlie 
utilization of induction luinaces-’® and polyphase < iiuent/^* and 
regulating apparatus for adjusting electiodes 
Auxiliary heating has been introduced, whereby the charge becomes 
heated by combustible gases before entering the lurnacy propei 
Electrode material is the subject of seveial patents , in one of these 
steel turnings aiemcorpoiated with the caiboii, wliilein aiioth(*r, hollow 
magnetite electrodes are used The furnace can be constructed so 
that paits are easily removed for renewal 
Consulerahle attention has been given to jiroMding furnaces with a 
suitable refractory lining in the make-up of w hid iziicoma, magnesite, 
and caxhnruiidnm figuie Several jiatents lelate to contrivances for 
kee]iing a molten charge in motion while in the fuinace Furnaces 
have been designed recently foi woiking under increased pressure or 
nndei diminished piessiue 

An account of recent progiess 111 the develojiment of the electric 
furnace in non-ferrous inctalluigy is given by D W hliller,-^- and the 
same paper contains an outline of piogress made recently at Sheffield 
in the jiioduction of ferio-alloys and special steels. Anutliei jiajief 
on the same subject, by A Slansfield,"^* deals wutli electrolytic and electro- 
thermal Jiiinaces, and contains a concise account of the various products 
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now made in tke electric furnace Two papers deal with the faults of 
electric furnaces and [uoposed nicthods ol reiuedvin^ these 
A laige number of furnaces have been demised for^thc combined 
smelting of zinc oies and the distillation of the metal obtained They 
are of arc or resistance type and frequently use polyphase current. 
Some of them are smtable for smelting tin and lead oies 
Fmmaces suitable for bringing about reactions between gases have 
occupied much attention They relate chiefly to the arc process for 
making nitric acid, but nitrogenous compounds generally are catered foi 
Furnaces for the production of aluminium nitride and abrasives are 
also well represented. 


Froc Fng Boc, Jf , 1915 , 31 , 488 ^ ilin and JEng World, 1916 , 44 , 
935 ,^, 1916 , 81-3 
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OILS, FATS, AND WAXES. 

By E E. Bolton, FIG, and Cecil Beyls. 

Consulting ani Technical Chentists^ 46, Stamford Brook Soad, London^ W 6 


General. 

Though the last year has not been marked by any phenomenal 
increase in our knowledge of the chemistry of oils, fats, and waxes, 
there is no doubt that the pressure of circumstances is hanng a bene- 
ficial effect on the industries connected “with them, both in development 
of output and in a wider distribution and greater accuracy of knowledge 
of these very important economic substances. If only the impetus 
which has been given can be maintained when more normal circum- 
stances shall remove the difficulties which now exist with regard to 
extension and erection of plant, there is no reason at all why Great 
Britain and her Colonies should not take the foremost place both in 
the production and manufacture of oils and fats, most certainly thos^ 
of vegetable origin 

Much has been done by those in authority to secure to British 
manufacturers new sources of supply, and to encourage their use, so 
that the outlook is distinctly hopeful The great scarcity of butter 
has resulted m the development of margarine manufacture, and the 
moment is at hand when the home production of this article should be 
able to exceed the demand. In this one direction alone there is great 
scope for ingenuity and discovery. It is to be hoped that the foolish 
ideas held with regard to margarine are rapidly filling a well-deserved 
grave, and any doubts regarding its digestibility and suitability as a 
valuable food product may now be regarded as laid to rest. 

Owing to the necessity for restrictions, the figures for imports, &c , 
are not a reliable guide, but a few selected instances may help to show 
the general trend. 

The imports of margarine have increased from 1,352,427 cwt. in 1912 
to 2,752,866 cwt in 1916 The imports of palm kernels alone have 
increased from 74,797 tons in 1914 to 241,501 tons in 1916, and the 
total import of nuts and kernels for the expression of oil has increased 
from 82,774 tons in 1912 to 373,022 tons m 1916. Satisfactory as 
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these figures are, it must still be remembered that the import of palm 
kernels alone to Great Britain is less than to the poit of Hamburg in 
1911 (280,000 tons). 

The palm kernel industry is distinctly a British one, and is being 
rightly fostered by those in authority, as copra cannot be fully con 
trolled by us. Illustratmg this are the figures of imports of copra, 
which fell from 118,540 tons m 1915 to 62,400 in 1916, while palm 
kernels show the increase referred to above The same applies to the 
restrictions for the import of refined oils, which show a fall in the case 
of palm and palm kernel oils from 62,399 cwt m 1914 to practically 
nothingin 1916 Refined cotton seed oil fell from 19,866 to 10,098 tons 
m the same period, wble imports of oleo and refined tallow increased 
from 363,676cwt. in 1914 to 650,584 cwt. in 1916. These figures taken 
together point to a great increase in the manufacture of edible oils in 
Great Britain. 

A recent Bulletin of tbe Imperial Institute^ gives an account 
of tbe development of the African palm oil industry, with some 
interesting conclusions as to the lines along which this industry 
should proceed, and there is no doubt that the next few years will see 
palm oil brought into this country as an edible fat 

That necessity is the mother of mvention is well illustrated in a 
most instructive paper by Fahnon^ on the sources of fat in Germany. 
The author shows that not only have existing sources been greatly 
extended, particularly in the case of sunflower (greatly neglected by 
other countries), but oil bas been obtained in large quantities from 
the germs of all cereals, and even from coffee, while the saving of 
sewage fat has been enormous. 

The falling off m the supply of edible oils has turned attention to 
the possibility of utihsmg fatty acids as a food material, and the 
subject has been investigated at the College of Agriculture, Edinburgh, 
by Lauder and Fagan ® The experimental animals seem to have done 
fairly well on a “ feed ” containing a certain proportion of the fatty 
acids obtained from coconut oil, but however satisfactory the results 
mighct be as an experiment, it is to be feared that unless the tendency 
of fatty acids to produce intense nausea can be overcome, there is little 
hope of increasing our supply of fatty foods for human consumption in 
this way. 

An interesting paper on the influence of climatic conditions on 
vegetable oils has been published by PigilevesM.* According to this 
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writer the iodine value of an oil among plants of the same suh-family 
increases as the distribution of the plant extends to the North, and he 
deduces from his results certain ideas as to the change m the compo- 
position of the glycerides present. 

The effect of storage on a large number of vegetable and animal 
oils has been examined by Gardner,® who finds that in general the 
saponification value increases while the iodine value decreases during 
such storage. 

Incidentally reference may be made to attempts to utilise the 
residue from olive oil expression in the South of France, and as the 
ash of the residue contams nearly 50 % of potash there certainly 
appears to be scope for its utihsation According to Craess and Christie,® 
4000 tons of olive pomace are produced yearly m California, hut they 
state that after extraction of the remammg oil, the residue has no 
value for manure or otherwise. 

The bleaching of oils, fats, and waxes by a catalytic method in the 
presence of oxygen has been mvestigated by Hashmat Eai,^ who shov s 
that most metallic soaps have considerable bleaching effect, though 
varying in th3ir power, and it is possible that the method may be 
employed m the bleaching of oils for soap work Such a method will, 
of course, not replace the use of charcoal and fuller’s earth in the 
edible oil industry. In this connection mention may be made of 
a method devised by Wiekenden and Hassler® for comparing the 
efficiency of such charcoals by the use of a solution of Sudan III* 
in kerosene. This test appears to differentiate between char- 
coals which are satisfactory for oils and those which are satisfactory 
for glycerin, and also demonstrates the superior efficiency of animal 
charcoals. The bleachmg and absorptive capacity of fuller’s eaith 
from a valuation pomt of view, has been studied by Eichert,® who has 
given a formula for arriving at the cost of bleachmg with an unknown 
earth, compared with one of known absorptive power 

The polymerisation of tung oil, which has received so much attention 
lately, has perhaps rather led to the behef that the phenomenon is 
characteristic of that oiL Kronsteini® maintains, however, that all 
fatty oils may undergo what he termed “ mesomorphous polymerisation ” 
on heating to a certain extent. He deduces practical applications 
from this theory and discusses the connection between drying 
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capacity and polymerisation. His findings are, however, called in 
(question by Fahrion,ii who maintains that Kronsiem’s “distillation 
number ” is no criterion of drying power, and is of the opinion that 
the polymerisation of tung oil is characteristic of that oil, as has been 
generally supposed. 

It certainly seems doubtful that the gelatinous formations noted by 
Kronstein are the same as the jelly formed by tung oil, for otherwise 
it is credible that such observations would have been made before. 
Until Kronstein’s work has been confirmed by other workers, Fahrion’s 
objections should be regarded as carrymg weight. 

Special Oils and Fats. 

The scarcity of oils and fats arising from ihe dislocation of the usual 
trade sources, has brought about a condition of affairs sufficiently 
acute to turn attention to many oleaginous products which hitherto 
have been of only scientific interest, or which have not been con- 
sidered commercially available. Besides these products, many new 
sources of supply have been investigated, and the value of these 
supplies and their availability enquired into. As thec'S products are 
naturally heterogeneous, it will he necessary to classify them roughly 
into groups m dealing with the work earned out in this connection. 


Li^id VegeiaUe Oils. 

GoUm sed oil.—k long and interesting paper on cotton seed 
products is given by Vakil, in which varieties, exports, percentage 
yields, etc., are thoroughly dealt with, and some very interesting 
microscopical preparations of the seed are illustrated The paper 
should he of interest to those deahng with cotton seed and the 
products thereof. 

Smflow&, %ige^, mi saffiower seeds —The Bulletin of the Imperial 
Institute^* deals with the cultivation and use of these seeds, drawing 
particular attention to the potash in the stems of the sunflower 
Analyses of the offs are given There is no doubt that for all 
these oils there is a great outlet for edible purposes, and more attention 
might well be given to the cultivation of these seeds, so that this 
bulletin IS of special interest at the moment 

Spatkiim — Baffo,^*' in a paper dealing with a lipolytic enzyme 

present in the berries of this plant, records also considerable activity 

“ J?fir,1916,49, 1194, 7,1916,745. 
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in this direction on sesam^, arachis, and cotton seed oils Analysis of 
the oil shows it to he of the semi-drying class. Saponification value 
198 6, iodine value 134, refractive index (Zeiss) at 25' C , 73*5' 

Penlla oil — Details of a sample of this oil, and also of the press cake, 
are published by G-ardner.^® He gives the following figures .—Specific 
gravity 0 937, refractive index 1 487, saponification value 193 4, and 
iodine value 193 3 Yield of oil 33 7 % The sample was from 
Yokohama. Particulars as to the penlla seed crop in Japan are given 
in a U S. Consular Report,^’ from which it appears that approximately 
1,000,000 gallons of penlla oil were produced in the years 1912-13 
respectively. 

Palm fats— A very large number of palms are dealt with m 
extensive papers on Brazilian oil seeds by Bray and EllioP® and 
Bolton and Hewer. These oil seeds will be of the greatest import- 
ance in the edible oil industry after the war 

Ilhpi mis and Botmo Mow —The oils classified under this title are 
valuable but not very clearly defined, and a paper on these products 
will be found in the Bulletm of the Imperial Institute-® which deals 
with the botap^cal species 

Stone and Pip Oils. 

Gheiry stone oil.— Rabak*^ refers to the quantities of cherry stones 
available, and states that something like 1,400 tons of stones are 
produced annually in the U S as a by-product The kernels yield, 
30 % of oil by expression, whilst 8 3 % is obtained by extraction of the 
whole crushed stones The oils are very similar and have a saponifi- 
cation value of approximately 180, iodine value of 93 % and a Reichert- 
Meissl value of about 4. The chief difference is in the acetyl value, 
which IS 3 4 for the stone oil and 13 7 for the kernel oil. The kernel 
press cake contains 1 % of volatile oil, giving 7 9 % of hydrocyanic acid 
and 68 % of benzoic acid.®^ 

Oiange pip oil —Orange pips are obtained in bulk as a by-product of 
marmalade manufacture, and analytical figures for the oil obtained 
from the pips have been given by Hewer These figures are very 
useful, as the data hitherto have been somewhat doubtful Should it be 

Oil, Faint and Drug Fep , 1917, 91, 55 , J, 1917, 392 
No 103,1917, J, 1917, 723 
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possible to remoTC the bitter fidvour, the oil should be available as an 
edible one. 

Other Jcernel oik— The processes of obtaining oils from the kernels of 
cherries, plums, apricots, etc , are also dealt with by Alpers,^-^ especially 
with regard to the difficulties due to eyanogenetic enzymes. By 
treating the mass of cracked stones with a solution of calcium or 
magnesium chloride of sp. gr 1‘5 the shells sink while the kernels are 
skimmed off The insolubility of amygdahn dn this solution largely 
minimises the effect of enzymes. 

Gamdian mne s^eds.— Grape seed oil is of some interest at the moment, 
and the paper by Fachini and Dorta'^^ is quite apropos Fmtbnoasm 
gumiiuefolm yields an oil like olive oil, whilst Ampelopis ^uinpefoha 
yields a butter-like fat. The values do not differ markedly from those 
given by these authors for Vitis mmfeta, and quoted by Lewkowitsch 
but the acetyl value is not given in the new investigation 

Diymg Oils 

Para ruhhei seed oil— Axi interesting paper is communicated by 
Uchida,^® mentioning this oil among others Several* other oilsai’e 
also dealt with, viz., Skromp seed, Cdl&pkjlkm, Hemandia seed, 
Eak'iiMu seed, Aheh seed, Kuromop seed, Ahurachan seed, Magnolia 
pulp and seed, tea seed oils, and lumhng oil. 

Gardner^^ gives analyses of the oil and cake of the kernels of 
^Akwites mlmam. The oil, though like tung oil, does not poly- 
merise. It has purgative properties. 

Brill and Agcaoili,^^ dealing with Philippine oil seeds, state that 
lumbang oil {Almiifes mlmana) can be distinguished from the 
product of A, tii^ema by the insolubility of the former oil in 
alcohol 

Manletti mk—k sample of these South-West African nuts has been 
examined by the Imperial Institute Laboratory ,2^ who allocate the oil to 
the semi-drying class. It is not considered by them to be of much 
value. Their figures differ somewhat from those of Sprinkmeyer and 
Diedrrohs,2<^ who consider the oil suitable for hnoleum, and the cake 
valuable as a food-stuff. 
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Tunri oil — The effedt of heat on Chinese wood oil at temperatures of 
200’-300° 0 has been studied by Krumbhaar The oil was heated in 
the presence of carbon dioxide, and the effect on the various constants 
of the oil notM. Considerable change m the lodme value took place, 
and, as would be expe’cted, in viscosity. In the case of the iodine value, 
the oil which had an initial figure of IdO 3 % was reduced to a value of 
134 5 % after four hours’ heating at 200’ C. The saponification value 
in this time fell from 193 2 to 190 1 Parallel experiments were 
earned out with hnseed oil, and enormous increases in viscosity took 
place with this latter oil The author leans to the view that the 
difference between the polymerisation is only one of degree and not of 
kind 32 

The writers of this article have noticed a very perfect geiatmisation 
on heating, in the presence of carbon dioxide, the oil from the seeds of 
Conepm gmndiJoUa, hut in this case the setting appears to he accom- 
panied by the setting free of gas bubbles in considerable quantity. 
The work on this oil mil he pubhshed shortly 

Browne33 also gives some figures for Chinese wood oil, and details 
specification tests In tbs connection attention may he drawn to a 
U S Consular Eeport^^ on the use and output of Pawlowma oil, wbch 
Is probably Japanese wood oil, but they state that the oil has not as 
yet any commercial significance It is rather unfortunate that this 
Report has apparently again introduced the confusion in Japanese 
wood oil which is derived from Pawlomm imperiah% and not from 
Alemites mdata, which tbs Report states as the source of Pawlownia oil. 

Fish Oils. 

Several communications have been made by Tsujimoto®^ on the liver 
oils of various fishes. These deal with the hver oils of sunfish, ray 
seal, and shark. In the last-named he finds a bghly unsaturated hydro- 
carbon which on hydrogenation gives an oil resembling ‘‘hquid 
paraffin,” and melting at -35' C. He terms tbs hydrocarbon 

“Squalene.” It is quite possible that the substance is identical with 
the “ Spinacene ” of Chapman. 3® This substance, obtained from the liver 
oil of certain of the shark family, has been fully investigated by this 
latter author, and various derivatives prepared from it. The figures 

» Chem -Zeii , 1916, 40, 937, 1916, 1224 
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given for the oil from the livers of sharks caught off the Moroccan 
coast are — Sp. gr. 15715° C., 0 8666 , saponification value, 22 5 ^ 
iodine value (Wijs), 358 % ; unsaponifiahle matter, 89-1 and iodine 
value of the latter, 376 2 % The unsaponifiahle matter distilled under 
reduced pressure was a colourless mobile oil, boiling at 280 C under 
17 mm. pressure The formula is given as either C 2 rH 44 or O 2 SH 44 , 
In a later paper^^ the same author draws attention to the need of 
revising the accepted constants for shark liver oil He further states 
that the hydrocarbon can be distinguished from hydrocarbons that 
might be added as an adulterant by its high iodine value, and the yield 
of bromides insoluble in ether. 

Calamaiy oil —This oil, obtained from the liver and internal organs 
of cuttle fish, is described by Tsujimoto The oil has a high iodine 
value, 177 but the unsapomfiable matter was only 1 U %. It is 
easily hydrogenated to a white fat lesemblmg tallow, with an iodine 
value of 49 % 


Analytical Processes. 

Progress on the analytical side of the examination o| oils and fats 
has not shown any marked features So much time is necessarily 
allocated by those usually engaged in such work to industrial require- 
ments, that the temporary suspension of investigation work has been 
inevitable. This is no doubt unfortunate, as in no section of food 
analysis is investigation so urgently needed. As was remarked in the 
section on “ Special Oils and Fats,” sources of supply from quite new 
seeds and nuts are multiplying, but beyond the usual determination 
of constants no identification of these new products would be possible 
in the vast majority of cases if they appeared m mixtures with other 
fats. Attempts are being made to determine the actual acids present 
in certam fats as glycerides, and the results are very interesting Such 
work is, however, laborious and possibly open to question from the 
point of view of technique, but at the moment it appears to he a step 
in the right direction It will only he when we are able to determine 
in a quantitative manner at least some of the acids present in a fatty 
mixture, that any certainty will enter into fat analysis. Chemists are 
much in the same position as they were with regard to proteins a few 
years hack, and it is to he hoped that scientific research in the near 
future will show the same strides in the chemistry of fats as it has in 
that of proteins On the surface, investigations into separation of 
acids do not appear hopeful, hut if it lead to the identification of 
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certain glycerides, the knowledge so acquired may assume more 
important aspects. 

The chemistry of hardened fats is another field m which so far few 
tangible results ’have been produced. 

In dealing with the- progress of last year, it has only been possible 
to mention the papers published under ail alphabetical category. 

Amchdic acid — Two new methods of detecting arachidic acid have 
been put forward, one by Kerr,®® who separates the arachidic acid by 
precipitation with alcohohc magnesium acetate and recrystalhses the 
fatty acids so obtained, the other by Brazzo and Vigdoreik,^^ who 
separate the saturated acids by lead acetate, afterwards liberating 
these acids and recrystalhsmg It is doubtful whether either method 
has any advantage over BeUier’s process as modified by Evers, or the 
ordinary Renard method, and difficulties would certainly arise in 
presence of such acids as stearic and palmitic 

Bmsoic Stadlin“ proposes to detect this acid in fats by 
dialysis in alcobolic solution, afterwards evaporating and extracting the 
dialysate with etber. 

Butter fat , — Tbe presence of stearic acid has been again investigated 
by Holland, Reed, and Buckley, using Hebner and MitcbelFs method, 
and they find 7-22 % present in the insoluble fatty acids. They point 
out some of the sources of error in that method, and show how they 
may be avoided to some extent A separation of tbe glycerides of 
butter fat has also been earned out by Crowther and Hynd,'^® wbo 
prepare tbe esters and separate by fractional distillation. This paper^ 
IS of considerable interest as illustrating a method of solving the 
difficult problem of separating the glycerides present m oils and fats. 
Mention may be made of work by Phelps and Palmer^ on the separation 
of butyric acid m mixtures contaimng formic and acetic acids, by means 
of quinine, the method being based on the solubility of quimne 
butyrate in carbon tetrachloride and tbe insolubihty of the other 
qmnine salts. 

The value of the ReulieiPMeissl-Polenshe method for the estimation of 
coconut and palm kernel oils in mixtures has been called in questwn by 
Elsdon^ This author attempts to show that the Shrewsbury and 
Knapp method is more satisfactory, but the figures given scarcely bear 
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out tins contention, though possibly the two methods may be made to 
afford mutual confirmation in doubttul cases, 

Gohur tesL—Th-Q various colour tests for oils have been investigated 
by Gill,'^'" who points out many of the reasons which lead to inconclusive 
results tilth these tests, and emphasises the laet that in many cases 
they are not to be too much rdied upon 

C 7 oto% nl —A test for the identification of this oil is put forward by 
Comte, the author stating that an alcoholic solution of a mixture 
contaimng this oil, when poured on to a concentrated solution of 
sodium or potassium hydroxide and warmed in boiling water, gives an 
intense reddish-brown or violet rmg at the junction of the liquids. This 
reaction is stated to be characteristic 

Glycewl —A modification of the bichromate method for the estimation 
of glycerol is given by Little and Fenner'^ This method would 
appear to be somewhat more rapid than the official method, and is 
stated to give excellent results For the estimation of glycerol in 
fatty oils, BulF again suggests the use of sodium glyceroxide, and the 
method as employed by him is stated to give results closely 
approximating to those obtained by calculation from the ester values. 

Eydroxij-faUij mds—The possibihty of not extracting these acids 
from mixtures when using ether or light petroleum spirit is drawn 
attention to by Hodes,^^ who prefers to use a boiHng mixture of equal 
volumes of chlorofoim and alcohol (96/100 %) which obviates this 
danger 

Limeed oil— A paper by Friend®^ on the effect of heat and oxidation 
may be noted at this point, as the results obtained are of some little 
interest, though the paper deals largely with the theory of the changes 
taking place during drying 

Mamimi value — An attempt has been made by Harden and Dover®^ 
to standardise this value by using a Dewar vacuum tube of known 
thermal capacity The effect of alterations in the sulphuric acid is 
dealt with, and the values for a number of oils have been determined 
under the new conditions. 

Maim animal oils — Mareusson and von Huber®^ state that when 
marine” animal oils have been heated out of contact with oxygen, they 
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no longer give the octobromide test, but still yield a positive result to 
Tortelii and Jaffa’s reaction They also give methods for distinguish- 
ing these oils from their hydrogenated products 

Melting pml —A.' ne'i? method of determination is described by 
Monhaupt,®^ this being based on the temperature at which a pointed 
wire penetrates a capillary column of th-i solidified fat. This does not 
appear to offer any advantage over the ordinary methods employed, 
and only adds another somewhat dilettante procedure to a long list of 
others 

Falm k&inel Salway®® has examined the substances which pass 
over with the steam in the process of deodorising this oil, and finds 
that the mixture consists of free fatty acids and neutral fat, with about 
1 % of a volatile oil which on investigation appears to be methyl-nonyl 
ketone Coconut oil, on the other hand, appeared to give methyl- 
hep tyl ketone and methylundecyl ketone It would be of considerable 
interest if the substances derived from other oils in a similar manner 
could be investigated. 

Soga 5e(zn?.— BrilP' states that soya beans trom China, America, and 
Japan contain a soluble substance in alcohol and ether which gives the 
ordinary salic}^ic acid reaction with ferric chloride, but does not react 
with Jorissen’s reagent (potassium nitrite, acetic acid, and a trace of 
copper sulphate). This reaction is considered to be due to the presence 
of maltol produced by enzyme action 

Phytosterol acetate test— The digitonin method for separating the 
sterols from oils and fats has been the subject of several papers, mostly 
of a polemical character The controversy is still raging round the 
question of the necessity or otherwise of previous saponification To 
those who are interested m this question and are able to obtain digitonin, 
the papers mentioned^® will be of interest. 

Fatty acids —A useful paper on the solubilty of lithium and mag- 
nesium salts of lauric and myristic acids, in the presence of higher 
acids, IS contributed by Jacobsen and Holmes These results are the 
outcome of a general study of the salts of these acids with lithium, mag- 
nesium, glucinum, barium, lead, and silver in a large number of solvents. 

J, 1914, 1061 ; 1915, 1012 

Ohem -Zeit , 1916, 40, 676 ; 1916, 971. 

« Chem Soc Trans, 1917, 111, 407 ; 1917, 1184 

Fhihpyine J Science, 1916, 11 A, 81 , J , 1916, 1077 
Kuhn and Werwennke (^Zeit JJnters Wah Gemssm, 1914, 28, 369), 
Klostemann and Opitz [ibid 138) ; Olig [ibid 129) , Pfeffer [ihd 1916, 31, 38) j 
Wagner [ibid 1915, 80, 265) , Eund, Bengen, and Werwermke [ihd. 1915, 29, 
321) , Prescher [ibid 1917, 38, 77). 

J Biol Chem, 1916, 25, 55, J", 1916, 696 
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De Conno^*^ has applied the preparation of aromatic amines of the 
fatty acids to the analysis of fats. These amines are prepared by 
heating the glycerides with aniline in sealed tubes The product is 
fractionated under reduced pressure and the fatty acids re-formed from 
the fractions. Many compounds of the fatty acids for the purpose of 
identification are detailed. 

Relahmshp between constants. — ^Backer®^ deduces a formula for the 
relationship between the refractive index, density, saponification and 
iodine values of oils and fats This is worthy of remark, as too little 
attention has been given to this point in connection with analysis, and 
comparison of values is often of the greatest service. The formula 
given IS — 

aVVl X 33 07 + 0 00075 1 + 0 01375 V + 0 002 (t-15) 

where n = refractive index, d = sp. gravity, V = saponification value, 
and I = iodine value 

Oil tesUng.- GilW publishes certain tests for oils based on the 
salting out of their soaps, the test being made finally by -titration with 
a standard solution of sodium chloride Differences are noted between 
different oils, but the test does not appear to be of great value The 
author also records a test for the quantity of gelatinised matters 
present m linseed oil 


Rancidity 

The question of rancidity in fats is always to the fore, and elucida' 
tion does not appear to be any nearer in spite of the work that is 
published from time to time on the subject. It will be sufficient to 
note the few investigations which have been earned out, and to draw 
attention to the authors’ conclusions from their work 
Rather® has examined a large quantity of cotton seed which had 
been kept piled m storage for 77 days Much heating took place and 
a great increase in free fatty acids and total acidity was noted. He 
argues that this latter increase is entirely connected with the heating 
and that time of storage is not a factor It may be noted that 
hydrolysis may proceed to 70 % of the fat and 33 % of the protein 
present In connection with these results it may be stated that the 
cause of rancidity in palm kernel cake has been attributed to a zymogen 

Cfas Ohm ltd, 1917, 47, 1, 93 , J, 1917, 611 
Chem WeeUlaA, 1916, 35, 954, J, 1916, 1163 
J Ind Ung CAea, 1917, 9, 136, J, 1917, 345 
® J Ind JEng Ohm, 1916, 8, 604, 1916, 898. 
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whicli, in tlie presence of warmtli and moisture, produces a lipase and 
so brings about the formation of fatty acids Heating of the meal to 
70“0. practically prevented any change 

A method of testing for the presence of rancidity in fat is given by 
Vintilesco and Popescb This is based on the assumption that fats 
absorb oxygen from the air and form pehoxides which are the cause of 
the rancid flavour. This being the case, the presence of such change 
is detected by shaking the fat with haemoglobin, guaiacum tincture, 
and water, when, if such oxidation has taken place, the usual blue 
colour IS produced. The authors expressly state that the reaction is 
not due to free fatty acids, and so seem to have m mind, what is so 
often forgotten, that free fatty acidity and rancidity are not the same 
thing 

A method of estimating the rancidity in fats has been devised hy 
Issoglio^^ based on the number of milhgrams of oxygen necessary to 
oxidise the steam distillate from 100 grams of the fat This quantity 
he terms the “ oxidisabihty number,” and should be, when using the 
formula given by him, from 3 to 10 foi normal fats, while those which 
are rancid give numbers from 15 upwards. 

Though scarcely to be classified under the heading of lancidity, 
attention must be drawn to a very interesting investigation hy Dyer*’^' 
on progressive oxidation m cold storage butter The falling off m 
flavour during cold storage is a matter of considerable moment, as the loss 
is accompanied hy a depreciation in market value The effect of storage 
has never been clearly understood, it only being known that swee? 
cream butter deteriorated less than sour cream butter The general 
conclusions of the author are that the falhng off m fia\ our is not due to 
action on the fat as usually assumed, hut to chemical changes in the 
non-fatty constituents, and that this change is proportional to the acidity 
of the cream used m the preparation of the butter 

Glycerides and Fatty Acids. 

Reference was made above to the possible utilty, in the future, of 
methods devised for the purpose of separating the glycerides, in fats, 
and an attempt has been made in this direction by Seidenberg,^' based 
on the use of two solvents, one of which is more volatile, and has a 
greater solvent action on the glycerides. Using this method, he has 
separated two mixed glycerides from tallow, and has further applied 

M J narm Ghm, 1915, 13, 318, /, 1915, 1214 
Ath E Acead Sen, Tanno, 1916, 51, 582, J, 1916, 858 
«« J Agne Ee^ , 1916, 6, 927, J, 1916, 1077 
e? J Lid Eng Chem,, 1917, 9, 855, 1917, 1138. 
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the results to the examination of hutter. The chief drawback appears 
to be the expense of the method, hut at present this is common to 
nearly all such methods. 

The hydrolysis ot fats by the lipase of Bicims mmiuns has been 
studied by Tancov,®® using sulphuric acid as the activator, and the 
velocity of the reaction appears to depend upon the speed of 
decomposition of intermediate products formed by the enzyme with the 
acid products of hydrolysis. 

The action of potassium hydroxide, when fused with hydroxy-fatty 
acids of high molecular weight, such as dihydroxy-steanc acid, has 
been investigated by Eckert® The author infers from his results 
that during the reaction a direct shifting of the double linkage in the 
chain takes place Mascarelli,*® continuing his work published with 
Sanna^i on erucic, hrassidic, and isoerucic acids, has come to the 
conclusion by the use of cryoscopic and eutectic methods, that the two 
former acids are isomers, the relationship being similar to that of oleic 
and elaidic acids , while hrassidic and isoerucic acid are not isomers 
Erucic and isoemcie acids are probably the cis- and trans-forms of the 
same acid. ,, 


Hardened Oils. 

The importance of hardened oils continues to increase, a fact for 
which there need be little surprise when the want which hardened oils 
supply in the edible oil industry, as well as that of soap and candles, is 
considered. There has always been a large demand for cheap solid 
fats for margarine, which even the ever-mcreasing output of coconut 
and palm kernel products seems unable to supply, and the ready 
conversion of liquid oils into harder fats has been of the greatest value 
The future alone will show whether they will survive in the edible oil 
industry in face of the many and various new sohd vegetable fats 
which seem hkely to appear on the market, for in this, as m all cases, 
cheapness will rule the market. It is possibly easier to produce a 
tasteless and odourless fat when the refining process includes the 
hydrogenation methods than when simple deodonsation is employed, 
and this may he a factor m the scale. 

The actual chemistry of the process, particularly with regard to the 
state of the catalyst, still appears to be giving rise to discussion. 
Normann72 ^epHes to attacks by Siegmund and Suida^s and by Erdmann 
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as to the presence of metallic nickel m the catalyst, and considers the 
idea of a nickel suboxide unreasonable This is practically the view 
held by Meigen,'*'^ lyho records a number of experiments m which he 
demonstrated tlie presence of metallic nickel in the catalyst after 
action Siegmund and Suida,"’ in their attempts to prove the 
necessity for the presence of their somewdiat nebulous nickel suboxide, 
tried a number of mixtures such as basic nickel caibonate, nickel 
formate, nickel and mckelous oxide, and metallic mckel alone, as the 
catalysts, and they beheve that their experiments show that nickel 
oxide acts as the carrier in the presence of water It has been noted 
by Mannich and Thiele"^ that the addition of animal charcoal increases 
the absorptive capacity of palladium for hydrogen very considerably, 
and they prepare a catalyst by shahng animal charcoal with palladium 
chloride in hydrogen until gas ceases to be absorbed The powder 
obtained, after drying, appears to keep well, and according to the 
authors, has very powerful hardemng capacity, and they cite a number 
of liquid vegetable oils in which the iodine value has been easily 
reduced below 1 % This procedure may be considered somewhat in 
the light of a u^seful laboratory method 

The great bugbear of the hydrogenation process has always been the 
liability to deterioration on the part of the catalyst, owing to action of 
impurities in the hydrogen or the fat employed. This matter has been 
dealt with in the case of low grade oils, particularly fish and whale 
oils, by Ellis and Wells, who show that in such cases something is^ 
taken up from the oil which rapidly causes the catalyst to become 
inactive. As, however, the poisonous effect appears to be rather of the 
nature of adsorption, it would seem that the mjurious effect might he 
minimised by a preparatory treatment, and this the authors tried 
with success. 

The changes m the amount, character, and chemical characteristics of 
the glycerides in oils durmg hydrogenation, and the effect on the 
various constants, have been mvestigated very carefully by Moore, 
Eiehter, and Yan Arsde^® using cotton seed oil for the purpose The 
changes found have all been expressed graphically, and the conditions 
of hydrogenation and their effects very closely followed, and attention 
has also been given to the effect of catalyst poisons The paper is one 
which should be carefully studied by those interested m hydro- 
genation. 

J fmlt Ghem, 1915, 9S, 390, 1916,262 

70 Ser Deuts Harm &es, 1916, 26, 86; J, 1916, 548. 

77 / Ind Unff Glem, 1916, 8, 886, J, 1916, 1121 

78 Ih%d , 1917, 9, 451 , /, 1917, 657 
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Hardened whale oil has been mvestigated by Svendsen^® The 
hardening had been only partial, as the iodine value of the sample was 
69*8, but it gave no insoluble bromides The author separated 
quantitatively the fatty acids present, and among them found arachidic 
and behenic acids, which are probably the results of the process, and 
the quantity of Bull’s Cis acid was only found to be 0 - 6 % 

On the tests for hydrogenated oils little is forthcoming, but a paper 
by Prescher®® on the various colour reactions is of interest Hardened 
marine animal oils, he states, are indicated by the eoloui reactions of 
Tortelli and Jaffe,®^ together with Kreis and Roth’s test for arachidic 
acid, and the results are useful if taken in conjunction with a positive 
test for cholesterol, which rather appears to support Svendsen’s results 
Sesame oil may be detected by the Solstein test. Bellier’s reaction is 
of little value for the detection of hydrogenated vegetable oils, w^hile 
hydrogenated cottonseed oil still responds to Becchi’s and Hauchcome’s 
tests He also draws attention to a point which must not be forgotten, 
namely, the ratio of iodine value to refractive index, which is not the 
same in hydrogenated fats as it is in animal fats 
The estimation of glycerol in hydrogenated fats has b,een carried out 
by the ordinary well-known methods by Normann and Hugel,®- and 
the results compared with those obtained from the ester values The 
dichromate value gives excellent results 
In conclusion, attention may be drawn to the effect of hydrogenation 
on certain constituents of oils 

1 Hydroxy-fatty acids —Jurgens and Meigen®* have studied the 
behaviour of the hydroxyl group m the presence of nickel In the 
case of castor oil, below 200” C , apparently only the double bond is 
affected, but at higher temperatures the hydroxyl group is more and 
more rapidly attacked However, in the case of nickel oxide the 
hydroxyl group appears always to be more rapidly reduced 

2 The esters of oleic acid and their hydrogenated products have 
been prepared by EUis and Rabmovitz,^ and the characters of the 
esters and the hardened products determined, using nickel as the 
catalyst. In most cases the iodine value of the final products was 
almost neghgible, though with ethyl and benzyl oleates and glycerol 
mono-oleate the figure remained m the neighbourhood of 6 

Tidshnft Kemi, Farm, off Temp, 1916, [20], 285; J, 1917, 603 
Z Xlnien Nalr. , 1916, SO, 357, 1916, 548 

J, 1914, 1061 

*2 Ohem VmscJiau, 1916, 23, 45 , J", 1916, 932 
55 Chem Umsciiau, 1916, 23, 99, 106, 1917, 657 

J hid Fng Chem., 1916, 8, 1105, J, 1917, 39 
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3. Cholesterol and phytosterol— Marciisson and Meyerheim^^ ha^ c 
separated the unsaponifiable matter of several natural and hydrogen- 
ated fats in Older to study the effect of hjdrogenation, and as a 
general rule find that there is less of the sterols in the hydrogenated 
fats than in the corresponding natural fats, and it would appear that 
particularly in the case of phytosterol? considerable transformation 
tabes place 


"Waxes 

"Very little work m connection with waxes is on record during tlie 
past 12 months. 

A paper on the hydrocarbons of beeswax is contnbiited by Eyan 
and Dillon,®*^ who criticise Bmsine’s method of estimating the alcohols 
present by heating with potash and potash lime, on the grounds that 
some of the alcohols in beeswax are secondary or tertiary alcohols, 
basing their conclusions on the composition ot tlie hydrocarbons 
extracted from the product of the above interaction by means of 
petroleum spirit 

The viscosity of beeswax and its possible adulterants, such as 
carnauba, Japan wax, tallow, spermaceti, paraffin, and ceresm have 
been determined by Fabris,®" using nitrobenzene as a comparative 
substance Considerable divergencies among these substances were 
observed, and the method is recommendeil by the author as suitable 
for analytical work. ^ 

The estimation of unsaponifiable matter m waxes is carried out by 
Wilkie^® in a somewhat novel manner He avoids the difficulty 
experienced m extracting the beeswax after saponification by adding 
a proportion of castor oil to the beeswax before saponification. A 
mixture of 0*5 gram of beeswax and 4 5 gram.s of castor oil is 
recommended, the total nnsaponihable matter being finally corrected 
for the castor oil employed. 


M%U. K Matenalpiiif., 1916, 33, 221 , J , 1916, 549. 

Seient Froc Bop Dublin Soe, 1916, 15, 107 , J , 1916, 971 
Slap Spevim Agraf Ital , 1916, 48, 595 , <7 , 1916, 1224 
® Analyst, 1917, 42, 200, J, 1917, 723 
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By R. S. Morrell, M.A., Ph.D , F.LO., 

Chief CliPinnf, Messis Muader Brotheis, Wolmhampbn 

The yeapK progress in these industries, as far as can be judged from 
the published communications and patent literature, is not specially 
marked Although there are exceptional papers which show well- 
tested observations, there appears to be the spirit of stress and hurry 
uhich militates against quiet and pamstaking progress. America is 
still the only country where much mvestigation has been undertaken. 
The contributors to the American “Chemical Abstracts’' have been 
asked to provide careful and prompt reports in connection with 
problems for the prevention of corrosion of metals so as to hasten 
the end of the world-war by acceleration and stimulus of scientific 
effort In the British Empire the demands of the war have claimed 
the energies of the ever-mcreasmg number of chemists. Germany also 
has fewer contributors. 

The search for substitutes is especially noticeable m the German 
patents, but in this section the success has not been encouraging, and 
the dearth of the necessary raw materials has not been successfully 
overcome. 

The defect noticed in the last report in reference to the absence of 
standard methods of testing materials within the British Empire is 
more and more serious In these days when materials have to be 
supplied according to definite requirements, determined occasionally by 
the results of analyses, it is of the highest importance that standard 
methods should he laid down by agreement The connection between 
properties and composition is becoming more and more recognised, and 
the call for reports such as those issued by the American Society for 
Testing Materials is urgent. 

The application of physical and chemical methods of investigation 
requires further extension, so that reliance solely on tests which were 
the result of experience and skill of the individual workman, hut which 
were incapable of clear expression, may give place to those based on 
first principles upon which can lie built a solid structure capable of 
firm development and extension. 
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The properties of varnishes, resins, and paints in their application 
beyond questions of composition, such as stoichiometry, are essentially 
the properties of colloids Already investigators, e (} , Friend, A P 
Laurie, Seaton ’and his collaborators, recognise the importance of this 
aspect and endeavour ,to utilise as far as possible the results obtained 
from work on allied substances in the elucidation of problems connected 
with flow, alterations in. viscosity, and changes of surface which are not 
explicable by common chemical causes. 

The Properties of Drying Oils 
The contributions to the study of the properties of drying oils are 
less numerous than last year, notwithstanding the universal demand in 
connection with material for protective coatings It is true that m 
spite of the valuable binding and elastic properties of linseed and othei 
drying oils, their resistance to weathering agents leaves much to be 
desired. The objection to the want of durability is not so strongly 
maintained, but as yet no sulistitute has been found which will combine 
rapidity of drying with durability The employment of highly 
polymerised oils, which are more resistant to weathering agencies and 
to hydrolysis, isi m the opinion of the writer, the direction in which 
progress is being made 

J. A. N Friend'^ has studied the effect of heat and oxidation on 
linseed oil with reference to changes of density, viscosity, and 
coefficient of expansion When linseed oil is heated out of contact 
with air, the density, viscosity, and molecular weight all increase with 
temperature and length of treatment, but the coefficient of expansion 
falls steadily Linseed oil on oxidation loses water, carbon dioxide, 
and organic vapours, but absorbs oxygen until an equilibrium is 
reached The density gradually increases but the coefficien of 
expansion falls, the volume increasing up to the setting point of the 
oil, after which the linoxyn contracts, but the maximum increase in 
weight (18-57 %) occurs after the setting point of the oil has lieen 
reached. Linoxyn contracts on exposure, probably due to the decom- 
position of the peroxides. Expansion is dependent on the increase m 
weight, so that added substances which reduce the maximum increase 
m weight also reduce the expansion. The contraction suffered by 
linoxyn explains the cracking of old paint. In the oxidation of 
linseed oil the methods of determining the drying powers of oils by 
noting the alteration of weight are merely of comparative value and 
only serviceable when earned out under precisely similar conditions. 

A de Waele^ gives a detailed account of the manufacture of linoleum, 

1 Chem. Soc Trans, 1917, 111, 162 , 1917, 462 

2 J, Tnd Mnff CJiem , 1917, 1917, 149 
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together with a new method of yaluation of the intermediate and 
finished product, oxidised oil, “ cement,” &c The method depends on 
the resolution of the oxidised oil into three and even four fractions, 
petroleum-ether soluble, ether soluble, and residue (“ linoxyn ”) The 
fourth fraction is only ot scieptific interest 
A comprehensive series of tests made on eight representative samples 
of linoleum, and from different materials including China wood oil, 
shows good agreement between the valuation as carried out m the 
lahoratoiy and practical wearing tests The use of China ivood oil as 
a substitute for Kauri gum is shown to be detrimental to the quality 
ot the finished article. The mechanism of the chemical changes 
occurring in the oil during oxidation is discussed, and an hypothesis is 
formulated as to the identity of the fractions, which is supported by 
elementary analyses The four fractions obtainable consist of mixed 
glycerides in increasing order of oxygen content, saturation by oxygen 
of the various acid radicles m the glycerides being according to the 
scheme 10=02, one double bond being left untouched (oleic acid 
radicle suffers no change and hnolenic acid forms a diperoxyhnolenic 
acid) ^ 

A comparison is given between the properties of linoxyn and “cyelolin,” 
the former being solid oxidised oil and the latter solid polymerised oil. 
Cyclohn is difficult to saponify and insoluble in amyl alcohol, and is 
considered by de Waele to be of a ring structure. Liiioxyn is soluble 
'' in amyl alcohol, so that a separation of the two substances is obtainable 
In view of the complexity of composition of raw linseed oil and the 
formation and existence of many mixed glycendes as indicated by 
Morrell, it would seem advisable to investigate the simpler cyclohn 
from wood oil 

Krumhhaai" states that the speed of polymerisation constitutes the 
greatest difference in the behaviour of Chinese wood and linseed oils, 
and agrees with Fahnon and others, that the polymerisation product is 
partly soluble in the unchanged oil and the viscosity increases with 
the amount of polymer until the saturation point is reached, when the 
polymer is thrown out He notes the effect of acids m retarding the 
formation of gels, and observes that if the acids are removed from 
linseed oil by heating m mw, the mass stiffens in 3-4 liours just like 
wood oil, 

C, D. Holley and J. P Roberts'* have investigated the “turning 
point ” of a large number of samples of Chinese wood oil, and find 

2 C/ism -Zeit, 40 , 937 - 8 , 1916 , 1225 . 

^ Drugs, 0%k, and PainU, 1917 , 32, 263 
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evidence of considerable adulteration, although an oil ot the highest 
puiity IS occasionally obtainable fiom Chinese mei chants 
The scarcity of drying oils in Europe has led to the employment of 
many substitutes, but most are very dark in colour, thin and rapid drying 
giving a lustreless non-durable coat, and the colour darkens with age.' 

W McD. Mackey and H Ingle^' have compared the times in which 
oiled cotton wool attained a temperature of 200° C in the cloth oil 
tester’^ when Imseed oil was oxidised m the presence of soluble metallic 
catalysts The driers used were the metallic soaps ot Co, Mn, Ce, P]>, 
Or, Fe, XT, Na, Bi, Ag,Zn, Th, Hg, and Al. The metals which were 
most active were those which could exist in more than one sttite of 
oxidation provided the salts of the lower oxides were more stable than 
those of the higher forms Sodium acts as a more active catalyst than 
was to be expected Generally the order of activity was according to 
the list given above In the case of copper, the metal accelerates and 
then retards the oxidation of both hriseed and olive oil XVith the 
exception of the Na, Bi, and Hg soaps of olive oil, all the soaps of 
both linseed and olive oil fired oiled cotton wool on standing in the air 
In all cases, with the exception of Cu and Sn, it was found that the 
introduction o? a metal m oil-soluble form accelerated the mciease of 
temperature, ^ ^ , the oxidation of the oil The mode of comparison is 
novel and the results are interesting as confirming the work of other 
investigators in many directions 

The comparative inactivity of thorium is noticeable because from the 
writer’s experience a cerium drier containing other rare earths show s’ 
an improved accelerating effect The exceptional position of sodium 
may be connected with a heat change consequent on polymerisation 
which may be accelerated by the presence of more electropositive 
metals From the list given, Mackey and Ingle state that the more 
oxides a metal can form the greater will be its catalytic power — a state- 
ment which must be accepted with reserve 
H Ingle® discusses the mechanism of the action of metals as driers, 
taking lead as a type. When lead oxide is heated with linseed oil the 
action is said to proceed accoiding to the following scheme ^ 

C3Ho(OL)3-i-2PbO=Pb0.aH50L + PbfOL), 

Glyceryl plumbolinoleate lead Imoleate. 

0 0 

PbOj CsH^OL + 0,=0L C;H/ ^Pb<^ j 
0 ^ 0 


5 Farhen-Zeit , 1916, 22, 158. 
7 J-,1917, 817 
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/ 0 \ O'CHE 
(oxidised’ oil) . 


O-OHE 

Pb( 0 L)j + Oj = PbO (LO r^(LO) iPb + (*')() (oxidised oil) 

+'oil b-OHR 


The glyceiyl plumbolinoeate and lead Imoleate undergo oxidation 
according to the above scheme, being subseq[uently reduced, and the 
action continues , and provided the metal remains m solution as a soap 
the oxidation of the oil proceeds. 

Morrell® has described a number of cerium salts of unsaturated acids 
obtained from drying oils. The absorption of oxygen by cerium 
a-elaeostearate has been studied. The conclusion drawn is that the 
cerium salt (soluble m ether) is first oxidised to a basic ceric salt 
insoluble in ether of the type Ce^OXe which further absorbs oxygen to 
give a salt of the type Ce20[X02]o 
The action of cerium salts as drieis can be expressed as follows 


Ce20[X02]o + drying oil ■ 


CeXsorCejOXo -^Ce>0[XOJo ^ 

0 ~CHY 

CeXj + 00 (oxidised oil) 
0 ~CHY 


F Fritz^® proposes to use in paints Imoxyn dissolved in benzine, 
^with the addition of boiled oil, and shows^^ that Imoxyn solutions may 
be substituted for boiled oil In this case the Imoxyn is first melted 
with resins, whereby it is made soluble, and then benzene added as 
thinner Damar and copal resins may be used and rosm oil is well- 
suited as a vehicle. 

C. D Holley and J. P Roberts^^ examined samples of Chinese 
wood oil from nuts grown m the Southern States of the U S. and 
from Oahfornia.^^ All the oils were pale iii colour, and, except in the 
case of two from California, gave normal constants Practical tests 
indicated that they are similar to genuine Chinese wood oils and are 
supericw ta recent commercial shipments of the latter. The California 
nuts were grown under semi-arid conditions, but it is uncertain 
whether climatic conditions caused the abnormal oils 
A paper of the Bureau ol Plant Industry, which has not been 
available to the public, gives general mloimation on the habitat, 


= Chem. 800 Tmis., 1918, 118, 111 , 1918, 130 a. 

Chem Umsoh Mt Sarz Ind , 33, 29-30 
Druffs, Oils, and Faints, 1917, 83, 415 
Bee Annual Report, Tol, L, p. 183. 
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conditions for growth, and growing cxpeiimeiifcs in the U >S of the 
tung oil treed^ 

Natural Aesinb, Colophony, Ester Gums, and Turpentine. 

The scarcity of theliatural lacquer of, the Japanese, the sap of Mus 
vermfice'i a has brought to notice “ Thitsi,” a similar product obtained from 
the black varnish tree, Mehmihm vmtata It has been ioimd to be equal 
to Chinese lacquer although slower drying It show.s ad\ antages over 
Japanese lacquer, but the conditions required tor its sloiv hardening 
will prevent it finding favour as a substitute for other inateiials 
drying more quickly. Even if these disadvantages were overcome, 
it appears unlikely that thitsi ivull be extensively exported toi use in 
Euiopc. 

L. Paul has continued his investigations on the properties of 
colophony and its ammonium salts Unchanged y-pinic acid 
(m.pt. 74*-76° C ) can be separated fiom colophony by treatment with 
very dilute ammonia and alcohol because of the ease uith wkich its 
ammonium soap is decomposed, whilst the a-pimc acid can be obtained 
from the filtrate on acidification y-Pinic acid gradually changes to 
a-pinic acid and a-pimc acid into ,d*pinic acid The autoxidation of 
colophony is comparable with the transformation of a'-pinic acid into 
/i-pinie acid. y-Pinic acid after standing for a considerable time does 
not give the y-pmic acid ammonium soap but is changed to /i-pinic 
acid. ’ 

The action of nitric acid on colophony is similar to that of exposure 
to air. Cold alcohol with colophony yields sylvic acid, while hot 
alcohol yields y-abietic acid 

As a means of classifying resinous substances solubility in petroleum 
is suggested, e g , y-pmic acid, sylvic acid, y-abietic acid are soluble, 
whilst a- and /8-pmic acids are insoluble 

C G Schwalbe^^ finds that ether extracts better resin from fir and 
pine than does alcohol, the latter yielding almost brittle lesins 
Steam distillation of the resins yields no tiups, but turps jiaii be 
obtained when the fresh or extracted wood is heated with caustm soda 
under pressure at 170° C 

A synopsis of the properties and constants foi valuation of copals is 
given, 

Gums or gum resins from plants of the genus are the 

Di ugSy Oils, and Paintt, 1917, 82, 413 

Seifenfahr , 1916, 36, 545 , J., 1917, 537. 

Z, Fout- u Jagdwesen, 1916, 92 j /, 1917, 39i) 
n Ind, Quvii , 1916, 13, 266 
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subjects of three patents by H C Miller and H A Irlamd*'^ The 
tiist patent is for the purification of blackboy gum, the second is for 
the preparation of picric acid and other nitrophenols by treatment with 
nitric acid, while the third deals with the extraction of dyestuffs from 
the glims. , 

A. W Schorger,^*^ in continuation of his investigation on the oleo- 
resms of Comfeice, has examined the oleoresin of the heart wood of 
Douglas fir and found it to have a rotation of + 2 84° and to consist 
chiefly of a f-pinene (—47 52°), doubtless identical with the fir pinene of 
Frankforter and Fiary From the sapwood of Douglas fir a 22 % 
yield of volatile oil was obtained containing f-pinene (-18 96°) giving 
a nitrosochloiide. 

D E Tsakalotos-i lefiites the statements of Giklemoisier-Hhat the 
buds of the Aleppo pine {Pinus Halejjems) consist largely of /-pinene, 
and demonstrates that (/-pinene is the vaiiety found which is indepen- 
dent of the locality of growth or part of the plant, and that it is the 
principal constituent of the essential oil of the pine. Pims mantma of 
France, Spain, and Italy contains /-pinene 

0, M. Halse and A. Dedichen^^ give a method for the^recovery of oil 
of turpentine in the digestion of sulphate wood pulp. In the manufacture 
of wood pulp by the sulphite process a volatile oil is obtained with 
mercaptan-like odour, and from which an oil similar to ordinary 
turpentine is obtained The yield is 1-1-5 kilos for spruce and 10 kilos 
for pine wood per ton of cellulose. The purified oil consists chiefly of 
Vpiiiene, with small quantities of /3-pinene which gives no pmic 
acid on oxidation and is dextrorotatory, whereas the natural oil gives a 
/-Variety. 

E R Besemfleder-^ claims that in his process for the artificial 
seasoning of wood, Germany could be rendered independent of 
imported losiii and turpentine Presumably tnchloro-ethylene is 
employed as solvent for the lesins and the extract varies with the 
origin : fii yields 1 % extract, of which half consists of rosm and 
turpentine and the remainder of fat (mainly compounds of oleic acid) 
The value of the resinous extract from German wood would amount to 
£6,000,000 annually. Sawdust or wood to be extracted by this 

1'' Eng. Pats. 103006 (1916), 104352 (1916), and 104353 (1916) , /., 1917. 
395, 499, 500 

'8 J, Amer Chm 1917, 89, 1040, J, 1917, 724 

“ J, 1900, 1107. 

^ Gaz Chm. Ital, 1917, 47, i, 285 , 1917, 930. 

82 “ Die aethenschm Oele " 

2^ JSer , 1917, SO, 623 j / , 1917, 658 
Chem..Zeit , 1916, 40, 997, 1917, 148. 
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process must be treated as soon as possible because the solubility of the 
rosin decreases on exposure owing to oxidation. The relative cost of 
the process is not given The extraction process as outlined is stated 
to prevent the blue discoloration responsible for a considerable loss of 
timber in the ordinary ^seasoning process 

M Palazzo^s has compared the pinenes obtained from the Italian 
PvMS pinaster and pima with the oils of the same trees grown m 
France The Italian oil gives a f-pinene with a slightly higher optical 
rotation 

A P Laurie and Olerh Ranken^^ describe the imbibition exhibited by 
some shellac derivatives. The solid which separates on cooling a 
solution of shellac in boiling sodium caibonate, when immersed in cold 
watei, expands lapidly and ultimately disintegrates to a flocculeiit 
precipitate At the maximum point of expansion the solid on immer- 
sion in strong sodium carbonate solution contracts, expanding again 
when transferred to water. It was found that the expansion was 
inversely proportional to the concentration of the salt solution. The 
diffeiences between the behaviour of this compound and substances of 
a colloid natuTjj are largely explained by the insolubility of the soluble 
portion m strong salt solutions. 

Since the shellac molecule is permeable to salt molecules, the 
mechanism of the expansion may be accounted for by the passage of 
the salt through the diaphragm, the soluble nucleus dissolving in the 
presence of the salt solution, and the amount that can dissolve control- 
ling the consequent osmotic pressure 

The Properties oe Pigments. 

L Boek^' reviews the properties of the various basic zinc chromates 
and the alkali zinc chromates described in the literature with reference 
to the use of zinc yellow in the pigment industry In another 
communication-® the same author states that Egyptian blue or Vestor- 
lan blue is only of historical interest ; it w^as manufactured by 
Deschamp Freres and its formula is given as CaO,CuO,'tSiOj. 

The theory of colour lakes is discussed by 0. Baudisch-® in refeieiice 
to the lake-forming azo dyestuffs in their relation to Werner’s theory 
of mordants. According to this theory, the colour lakes belong to 
the class of metal complex salts and the lake-formmg dyestuffs are 

» Anmh Chm Apjpl , 1917, 7, 88, J, 1917, 463 
“ Eoy Soe Troc , 1917, A , 94, 53 , 1917, 1242. 

» EoUoid Z , 1917, 20, 145 

23 Z angew CAm , 1916, 29, 228 

23 Z angew Chem, 1917, 30, 133 , J, 1917, 705. 

*0 J., 1908, 439. 
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characterised by the presence ot salt-forming groups, and groups 
capable of forming a co-ordinate combination with the metallic atom so 
that an internal complex salt can result. The o-hydroxyazo dyestuffs 
aie typically mordant dyestuffs conforming to this rule Naturally 
the introduction of substituent groups plays a most important part in 
the lake-forming properties : moreover the introduction ot side chains 
IS able to bring in spare valencies which have a strong influence. The 
influence ot side chains m the ortho-position to the azo-nitrogenus greater 
than in the meta- and para-positions, The methyl group in the ortho- 
position IS antagonistic to lake-formation, while the sulphonic group m 
the ortho-position is favourable. In the anthraqumone senes Werner’s 
theory is consistent with the observation that the most valuable lake- 
forming dyestuffs are those containing meta- and ortho-hydroxyl 
groups in positions contiguous to each other. 

The Eachsche Anihn und Soda Fabrik^^ have patented the process of 
manufacture of a bright red pigment insoluble in water and oil, very 
fast to light and not affected by water or lime ; the diazo compound of 
l-aminoanthraquinone is combined with 1-benzoylaminohydroxynaph- 
thalene, with or without the addition ot Turkey-red oil , 

A number ot patents have been granted for titanic oxide pig- 
ments the specifications consist in descriptions of different modes of 
incorporation of titanic oxide into pigments, or into linoleum, together 
with process for obtaining titanic oxide from materials containing it. 
^The introduction of an oxide of a rare metal is of interest as the 
popularity of lare earth oxides is likely to increase, owing to their 
general stability and refractory characters, if thSy are obtainable in 
sufficient quantities. 

H E Merwin'*'* describes a litharge-glycerol cement employed for 
lining digesters used in the manufacture of sulphite pulp Litharge 
and glycerol form a crystalline compound which cements the grams of 
unattacked litharge. The crystals are stated to consist of 95 % 
(^3^402, PbO, plus 5 ^ lead This combination of glyceiol and lead 
oxide is of some interest in connection with the properties of natuial 
and art^cial glycerides 

W. G-allenkamp^-^ states that when ordinary water-glass paints are 

'*1 Gei. Pat. 297414, 1914, /, 1917, 6S9. 

L. E Barton, U S Pats. 1205144, 1218161, 1228356, 1234200, 1235638 
1230655 , J., 1917, 91, 463, G59, 1019, 1047, 1055 , L E. Barton and H A Gardner! 

II. S. Pat 1236367 , J., 1917, 1019, H A, Gardner, tl S. Pat. 1216980 J 1917 
463, H. Wade, Eng. Pat 108805 j J, 1917, 1055, A J KossiandC H Schroder! 

IJ. S. Pat 1206267, /, 1917, 91 

J. Ind. Eng. Chm,, 1917, 9, 390 , J, 312 
Ger Pat. 294330, 1916 j J., 1917, 395.^ 
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mixed with sodium bicarbonate shortly before use, whereby carbon di- 
oxide IS evolved and silica precipitated, a more viscous mateiial is 
produced owing to the separation of silicic acid, so that the paint 
becomes waterproof and weatherproof within 12 hours of its application. 

The importance ofjpreservative coatings for iron and steel is the 
subject of a review by L P Nemzek-^^ ’He gives specifications for a 
satisfactory basic lead chromate paint which is recommended as 
superior to all others for the priming coat It should consist of 75 ^ 
of basic lead chromate and 25 % of a chemically ineit pigment such as 
asbestine m a vehicle consisting of 90 % of pure linseed oil and 10 % of 
combined thinner (volatile) and drier. The complete paint weighs 
12 5 lb per. gall 

In an anonymous paper-^'^ the action of heat on ochres is described. 
The colours of the red varieties, which occur sparingly compared with 
the yellow varieties, are not so rich as those obtained by calcining the 
latter The quality depends not only on the composition Imt also on 
fineness, plasticity, and fusibility. Between 100°-250° C the colour 
gradually changes to yellowish-hrown, and at 250* 0. suddenly becomes 
red. The best yellows do not always produce the best reds, the length 
of heating and rate of cooling influencing the final shade, but all 
shades produced by calcination are stable. Further heating to 700°- 
800“ C. gives a reddish-purple ochre, but if the mass is gradually 
heated to above 950° C it reverts to its original yellow colour, but with 
different properties ; this variety is obtained only within narrow^ 
temperature limits of about 50° C., as further heating causes the ochre 
to blacken. At 1200° C. the ochres fuse to a spongy mass, and at 
1600° C. they give a black vitrified substance hard enough to scratch 
glass. 

J. S. Hams and M. Y. Seaton^- discuss the conditions of grinding of 
pigments and the relative merits of the steel roll and stone type of 
mill tor various grades of work. They state that the consistency of 
the paste has a marked effect on the grinding efi&ciency For pigments 
ground iii oil the addition of blown linseed oil or of refined oil vith a 
high acid value, or a mixture of these depending on the pigment, 
results in increased grinding effiiciency. For pigments ground in japans 
or varnishes a vehicle of proper surface tension and drying character- 
istics should he selected, 

A. H. Sahin’^''^ gives a clear account of the advantages of pamting 
steel structures, the merits of red lead, formulse for mixing paints, 

® Drugs, Oils, ani Fainis, 1916, 32, 191 

J*® D> ugs, Oils, and Faints, 1916, 32, 167 
Drugs, Oils, and Faints, 1916, 32, 193. Mea Age, 1917, 50, 35. 
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prepainig iron siuiaces prehminary to painting, and the number and 
kinds oi coats to be applied. 

The preparation of metals for painting is the subject of several 
patents in which phosphates are the mam ingredients , e (/., Gravell and 
the American Chemical Paint Co recommend the cleaning of the 
metallic surface with solutions* of orthro-, pyro-, and meta-phosphoiic 
acids, followed by a relatively weak solution of ortho-phosphoric 
acid. 

A. C Betts*^^^ uses anhydrous barium phosphate as a pigment to 
give with drying oils a paint which dries with a glossy surface 

The examination of the pigments of copymg-ink pencils is the 
subject of a paper by C A. Mitchell. He hnds the proportion of 
dyestuff (usually methyl violet) ranges from 21 %-50 %, with varying 
proportions of graphite and kaolin clay 

Synthetic Eesins 

The number of patents^- for piocesses for the manufacture of 
synthetic resins is still on the increase Many appear to be modifi- 
cations of the older schemes involving the condensation pf an aldehyde 
with a phenolic derivative by means of a suitable condensation agent 
The variety of the patented methods may be judged from the 
following examples of substances which it has been proposed to use : 
condensation product of ketones with a cresol or substances of the 
jtype R 2 O {C(,H 40 H) 2 , with compounds containing at least one methylene 
group j monochlorophenols ; condensation products of phenols in the 
presence of ammonium salts of sulphoacids and of an acid which does 
not decompose such salts 

Kesins made on the general plan are compounded or embodied 
(luring the process of preparation with a variety of siihstaiices, cff, 

US Piit 1211138, 7,1917, 223, Eag Pat 107921,1916 

« US Pat 1213330, 7,1917,395. 

1917, 42, 3, J, 1917, 147. 

« A L Brown, US Pat 1212738, 7, 1917, 396 L BeLrend, US Pat 
121441^ 7, 1917, 347 J W Aj Worth, U.S Pat, 1197171, 7, 1916, 107l L 
H Baekeland and A H Oottkelf, U.S Pat 1217115, 7, 1917, 463 L Beliroiid, 
Eng Pat 105295, 7, 1917, 969 X Tarassof, Eng Pat 102751, 7, 1917, 150, 
US Pat 1235507, 7, 1917, 1010, X TarassofE and P. Sliestakoff, Eng Pat 
104887, 7, 1917, 558 L Y Redman, US. Pat 1209333, 7, 1917, 226 B B 
Goldsmith, US Pat 1228428, 7, 1917. 894 W B Jones, US Pat 1209165, 
7, 1917, 225 C. P Steinmetz, U S Pat 1215072, 7, 1917, 396 AY A Beatty 
and G W Beadle, U S Pat 1225748, 7, 1917, 724 W A Beatty, U.S Pats 
1225748, 1225749, 1225760, 7, 1917, 724. A W 0. Yan Yerkout, Eng Pat, 
118041, 7, 1917, 1185 L Y Redman, A J WeitkandE P Brock, U. S. Pats, 
1242592, 1242593, 7, 1917, 1242 
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carbohydrates, albuminous materials, tannins, sulphonated resin oils, 
cellulose esters, a chlorinated hydrocarbon solvent, and. cumarone 
resins 

Eesins soluble in spirit solvents are described, as v eli as the harder 
and infusdile varieties’ In one patent a liq[uid coating composed of a 
phenolic condensation product with Chinese wood oil and a drier is 
described, but it is pointed out that the drying oil must he in excess. 

The cumarone and para-indene resins, which were stated m the last 
Annual Report to have attracted considerable interest in Germany, 
are in the opimon of Krumbbaar‘® unsatisfactory. The cumarone 
varnishes are tacky, and although they can be hardened by the addition 
of para-irideue yet the durability is poor Moreover unaccountable 
thickening of mixtures occms when cumarone varnishes are mixed 
with certain pigments 

Further information respecting the properties of polymerised 
acrylic esters is given by 0. Rohm 

The acrylic acid esters are prepared from glycerin, lactic acid, etc 
aud when exposed to ultraviolet light or sunlight, polymerise to hard, 
varnish-like, elastic masses They are soluble in solvents for oils, and 
are stated to ^ry rapidly and not to be readily affected by exposure or 
by many chemical agents. The polymerisation of organic vinyl esters 
to reproduce varnishes is completed in the material impregnated.^'' 

Properties of Yarnishe.s. 

The importance of the study of viscosity of varnishes is illustratetl 
in a paper by M. F. Seaton, E T Probeck, and G B Sav yer, who 
have continued their investigations on the physical analysis of 
varnishes (see Report, Vol I, 194). They have determined the 
viscosities of varnishes by means of the Doolittle viscometer, and find 
that the changes which occur in the viscosity diirmg ageing or on the 
addition of certain solvents are due to change in the character of the 
colloids present. Valuable information can be obtained as to the nature 
of a varnish by plottmg the results of the viscosity changes at different 
temperatures, and moreover the results are in keeping with hypothesis 
They find that with stable varnishes the viscosity becomes approxi- 
mately constant after a month, whereas if it continues to rise materially 
after that time, it will continue doing so until the varnish is useless. 
Varnishes of the true solution typp (gum with little polymerised oil) 
show curves of variation of viscosity ndth temperature similar in form 


« Farhen-Zeit , 1916, 31, 1086 , J, 1917, 395. 

« Ger Pat 295340, 1916, J., 1917, 296 
^ Chem, Fahr Gaeshem-Flehiron, Qt&ic Pat. 291299, .7,1916,698 
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to but quite distinct from the eimves of varnishes of the emulsoid type, 
which are practically straight lines. By plotting the results of the 
viscosity obtained at different temperatures it is often possible to 
obtain information as to the nature of the varnish Seaton states that 
the addition of an active thinner to a colloidal varnish mil change the 
viscosity from a straight line te a curve relationship 

A method of determmation of viscosity applicable to varnishes is 
given by A L. Feild It is based on the fact that when the outer of 
two coaxial cylinders separated by a liquid is rotated at a constant 
angular velocity, a torque proportional to the viscosity of the liquid is 
exerted on the inner cyhnder. The torque can be accurately measured, 
and the results may be expressed in terms of specific viscosity referred 
to that of water, or m absolute units 

No publications on questions of blooming or cracking of varnished 
surfaces have been observed In this connection it may be of interest 
to note that the so called pmholey structure would appear (from 
observations of the writer of the report) to he connected with the 
presence of globular masses of emulsoid material around which the 
medium has flowed on setting, leaving peculiar depressions. These 
masses can be observed by flatting any surface showing pinholes on 
glass 

The theory and practice of wood colouring are discussed by 
F. MolH" Wood colouring resembles wood impregnation on the 
one hand and textile dyeing on the other. Water is the only solvent 
f^r thorough colouring. The greater the molecular weight of the dye 
and the greater the predominance of colloidal properties, the less the 
diffusion but the greater the fastness to light and water. 

G H. Hadfield and A. E. Bawtree have patented^® the production of 
decorative surfaces with China wood off, varnishes depending on the 
use of mtrie acid vapours or the equivalent (i.g., any gas capable of 
modifying colour, hardness, or structure of a varnish except that from 
an internally heated gas oven) 

The heating of metal which has been japanned by the passage of an 
electric current resulted in better surfaces than by ordinary stoving ; 
moreove^ stoving by radiation is stated to give better results than by 
convection currents. Details of the stoves are given in the case of the 
radiant beating, but the electric heating direct has not been sufficiently 
developed.'^^ 

US Biuem of Mines (1917), Technical Paper, 157 , J , 1916, 1237 

Z. angew. Cltem., 1916, 29, 405-8, J, 1917, 132 
« Eng Pat, 109657, 1916, J, 1917, 1139. 

W S Scott, Mee. J, 1917, 14, 262-4, 
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The Report oi the Committee Dl on preservative coatings ior 
structural materials (P H. Walker and others)^'’ is of great practical 
value as shown hy the subjects which ha-ve been investigated Siib- 
eoramittee 3 on.te&tiftg ol paint vehicles (H. A Gardner) includes an 
investigation on tests for the purity of Chinese wood oil and on the 
use ol perilla oil in paints, varnishes, lino)eums, etc. Sulj-committee 5 
on linseed oil (G H Pickard and others) gives results and comments 
of analysts on samples of raw and boiled oils from Argentine seeds 
Sub-coramittee 8 deals with the methods of analyses of paint materials 
(G W. Thompson), and suggests methods for routme analysis of white 
pigments, while another Sub-eommittee (11) deals with paint thinners 
other than turpentine Sub-committee 1 3 deals with shellac (Langmuii'), 
while Sub-committee 14 deals with the preparation of iron and steel 
surfaces for painting, and gives procedure for conducting tests (A W. 
Carpenter). 

In the opinion of the writer this full statement of the scope of the 
work undertaken is of importance as showing the great advantage 
which would accrue to the British industry if a similar society were 
established in this country. 

Analysis and Apparatus 

In connection with spirit varnish analysis mention must be made of 
the determination of precipitation points'^ on addition of known 
quantities of water , this is of considerable use m the examination of 
shellac varnishes for impmities such as rosin and spint-soluble gums i 
The point of precipitation is determined by appearance of turbidity 
and the Tyndall effect Generally the smaller the amount of water 
added to produce precipitation, the higher the proportion of soluble 
copal, while rosin and accaroid follow in decreasing order of precipi- 
tation power The results appear m the reviewer's experience to be 
worthy of consideration 

The errors in determination of acid values of boiled oils and 
varnishes are pointed out by E E Ware and R E. Christman.'" The 
lead, manganese, cobalt, and znic salts of drying oils are almost 
completely hydrolysed in the determination of acid values, so that in 
varnish analysis this factor must not be neglected 

A rapid and accurate method of determination of volatile thinners 
in oil varnishes is described by A de Waele and F. Smith.'*® The 

Froe Amer. Soc Testing Materials, 1916, 16, 2'70. 

H. Wolff, lari -Zext , 1916, 21, 1, 198 
J Ini Unff Chem, 1916, 8, 996 j J , 1916, 1225 * 

Analyst, 1917, 42, 170 , 1917, 603 
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results obtained are usually 15 % lower than those given by Mcllliiney’s 
method. 

The extension of the Liebermann-Storch reaction to copal resins and 
damarsis desciibed byE E Jameson The colours^are essentially 
different shades of brown and wine red, and are in the writer’s opinion 
not so characteristic as the deep violet colour given by colophony 

H Wolff has investigated the methods of analysis of wood oil 
varnishes He states that Mcllhmey’s method for detection of tung 
oil m varnishes in the presence of resins is not satisfactory, especially 
in mixtures in which the tung oil has been heated The tung oil acids 
from untreated oil are found to be practically completely esterified by 
the author’s method, so that they can be estimated after separation of 
the resin acids 

E. M. Lidstone^*® describes a simple form of viscometer useful for 
detenmnmg the viscosity of an oil when only small quantities are 
available It consists essentially of a fine capillary which has a cup at 
the top to hold the oil, a small liulb blown in it m the middle, and a 
stop-cock at the bottom, the whole being surrounded by a water-jacket 
After a steady temperature is reached the stop-cock is opened and the 
time taken for the bdh to become full of oil is noted , ''the time taken 
by the mercury flowing freely is also noted. The disadvantages of an 
exposed jet and wide orifice are avoided, the instrument is very rapidly 
cleaned, and the viscosity in absolute measure can be obtained by 
this instrument with a much nearer approach to accuracy than with 
most commercial viscometers 

Mention may be made of the description of electrically-heated 
drying ovens or stovmg ovens for paints, varnishes, japans, and enamels. 
W. J. Scott states that any smtahle number of units of the riblion- 
type heaters of 2 5 blowatts at 120 volts may be installed An 
installation consists of one oi more heaters connected with a two-wire 
circuit controller by a knife switch ; a three-wire single phase or even 
a three-phase circuit may be used Details are given m the paper for 
fitting up the ovens controlling the temperature so as to ensure safety 
of working. 

The author desires to express his thanks to Mr P J Fay, M A., for 
valuable help m the selection and arrangement of the material for this 
report 


J Ind E%g Ohem , 1916, 8, 855 ; J, 1916, 1071 
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By JI P. Stevens, MA, Ph,T), F.TC, 

ConmUing Chemist, ].■), Bomic/h, London, 8 'E 

Bese^rch in the rubber mdu-stry has been very active since the issue 
oi the last Eeport, witness tlie numerous papers published in our own 
loumal These mostly deal with the preparation of plantation rubber 
and the piinciples of evaluation The users of raw rubber— that is, 
the manufacturing industry— have not been able, or have not thought 
fit, to lay down principles for the guidance of the plantation industry ; 
nor are they agreed as to the preferred qualities of plantation rubber, 
except in the matter of uniformity of rate of cure Consequentlv 
much of the ihcent research deals directly or indirectly with this 
subject. At present, data is bemg accumulated at rather a rapid 
pace and differences of opinion exist as to the mterpretation to be 
placed on the results The situation as it stands is summarised in 
the present Eeport, and in one instance a detailed reference is made ^ 
to earlier work for the sake of stating the position as clearly as 
possible. 

Statistics. 

The woild’s output of crude mdiarubber for the last three years is 
summarised by Lewis k PeaE as follows : — 



1914 

1915 

1916 

1917 


Tons. 

Tons. 

Tons 

Tons 

Plantation Para 

64,500 

96,000 

150,000 

215,000 

Wild Para ... 

36,800 

37,000 

37,250 

38,900 

Other sorts... 

14,350 

13,000 

14,750 

12,000 


It wiU be noted that the output oi wild Para (mainly Brazilian) 
and other sorts remains remarkably constant, while the output of 
plautation Para (from the East) continues to increase rapidly. In 
1915 the latter amounted to two-thirds of the total, and for 1916 
almost three-quarters (7i%) of the total. .4s this rubbeu is almost 

1 Fhrttdtm and WiU lam Bniier Ite}ort and Statute! 
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entirely clean and dry, wliile wild Para containfi 20/; of moisture 
and other sorts frequently more, it will be noted that the output of 
plantation considerably exceeds tliree-quartms of the total world's 
output reckoned diy The increase in rate of output of plantation 
lubber shows no sign of dimmisliing to date, as from tlic above figuies 
it appears that the 1915 output showed a 49^ increase on the 1914 
output, that for 1916 showed a 56/o increase on the 1915 outpiii,, 
and that for 1917 a 43J/ increase over 1916 

Preparation op Plantation Pubber 

Vaiious papers have been published by the reseaich organisations 
working with a view to impioving the quality and uniformity of 
plantation rubber These organisations include the Imperial Institute 
in conjunction with the Agricultural Department of Ceylon; the 
Pedeiated Malay States Government Agricultural Department at 
Kuala Lumpur, and the Dutch Government Eesearcli Stations in 
the Island of Java The Eubber Growers’ Association has proceeded 
with the work of systematising the methods of working on estates, 
and has revised its tables of recommendations lor |he preparation 
of sheet and cr^pe rubber The Association has also published a 
pamphlet giving fuller details in elaboration of the above-mentioned 
tables “ based on information supplied by its scientific staff. 

As regards recent research work, attempts have been made to separate 
. rubber of different properties by fractional coagulation of latex with 
acetic acid. Experiments in Ceylon® led to negative results, but 
de Vries^ finds that the first clot, amountmg to 15-25X of the total 
rubber, separated by means of acetic acid, consists of a yellow to dark 
brown rubber of high viscosity, high rate of vulcanisation, and low 
tensile properties The wnter has observed the separation of a similar 
yellow rubber known m Ceylon as “ butter rubber,” but the latex 
yielding this rubber appeared to be abnormal and contained minute 
clots. 

According to Campbell,® coagulation with the minimum propoition 
of acetic, formic, sulphuric, and hydrofluoric acids (O' 13, 0’07, O' 10, 
and O' 01 part of the acids respectively per 100 c c. of latex) produced 
rubber showing the same tensile properties and rate of cure. Also 
the addition of small quantities of ammonia (0*0056), sodium sulphite 

“ The Trepamtm of Tlanhim May, 1917 
Tdl Ifp Inst , 1916, 14, 60-64 

•* Arckefmor RnUe,'cuUuur mUed Mte, 1917, 1, Ko 3, J, 1917, 1104. 

® Bull. Depf, Agnc , Ceylon, lo. 23, 1916, J., 1916, 1226. 
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(0 2), and formaldeliyde (O’ 5) wero without jnaiience on the results 
On doubling the proportion of acid, the rate of cure was unaffected, 
except ill the case of snlphuric and liydrofiiioiic aarls On tlie other 
liaiid, de Vugs® liilds an appn'ciablc leduction in rate of cure by 
increasing the jiroporf-ion ot acetic acid to foiii times the onuinal 
quantity, whicli conffims Eaton and ^ranthani’s eailier results It 
seems to be generally admitted that acetic acid is the most satisfactory 
coagulant liitherto exammed, and that it is pieferable to sulphuric 
or hydrofluoric acid, particularly as an excess of the lattei is more 
likely to have an adverse effect on the rubber.^ 

The influence of rolling on crepe rubber has been investigated,® 
and it IS found that a moderate amount of extra rolling has no ajipreeiable 
effect on the tensile pioperties, viscosity, or late of vulcanisation as 
long as the rollers are kept cool On the other hand, with pionounced 
over-working, a slight mciease has been noted m the time required for 
viiloainsation ’ 

A recommendation has been made® to add an alkaline solution of 
creosote to the latex before coagulation It is stated that this does 
not in any way affect the properties of dry sheet rubber, and, m the 
case of rubbei^ allowed to remain wet after coagulation, the lesulting 
slab or block ‘‘ appears to have invariably a short time of vulcanisation 
and to give very good mechanical results after vulcanisation ” The 
previous work of Whitby, Eaton, and others on the effect of smoking 
and creosote led to the conclusion that these agencies had a tendency 
to retard the rate of cure of the rubber produced It would therefort? 
appear that the shoit time of vulcanisation refeired to must he ascribed 
to the alkali added with the creosote The effect of alkalis in promoting 
vulcanisation will be referred to later 
Experiments have also been made on the various methods of drying 
rubber in air at ordinary temperature, m hot air, or in a vacuum drier, 
and the geneial conclusion seems to be that these modifications in 
procedure do not appreciably affect the tensile figures or time of vulcan- 
isation of the rubber 

Two or tliree papers have been published dealing with the spon- 
taneous coagulation or natural clotting of ffevea latex Campbell ^ 
finds that calcium cbloride facilitates the spontaneous coagulation, 

h Arehef, 1917, 1, No 1, J, 1917, 1140 
7 Bull Imp Inst, 1916, 14, 564 S&e J, 1917, 604 
« 0 de Tries, Archief, 1917, 1, Ifo 1 , J, 1917, 1140 
s Bull Imp Inst, 1916, 14, 565, 1917, 604 

L E Campbell, Bull, Dept. Agnc , Ceylon, 1916, 24 , J" , ftli, 92 • 

1' L E Campbell, 1917, 274-5. 
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as also do barium chloride and magnesium sulphate to a lesser extent. 
It would, however, appear that barium cliloride is jiractically as 
efficient as calcium chloride i£ equimolecular quantities b(' taken 
The authoi has fiiither experimented, icmovjiig the lime salts which 
arc natuiall}^ present m the latex hv means of iieutial potassium 
oxalate or sodium fluoiide, andffinds both these salts have an inhibitory 
effect. Sodium fluoride may have an inhibitor}'' action on the coagu- 
lating enzyme, on the assumption that spontaneous coagulation is 
brought about by au enzyme. Latex allowed to coagulate spontane- 
ously develops considerable acidity. This acidity has been shown to 
be due to bacterial action, and consists almost entirely of lactic acid 
Denier and Vernet^^ made a bacteriological study of the coagulation 
of latex and isolated a hacterinm which they find to be invariably 
present. This bacterium when introduced into latex produces coagu- 
lation m 24 hours. However, it is well known that latex put aside 
often coagulates completely or almost completely of itself within this 
lienod Much depends on the shape of the vessels in which the latex 
is coagulated. The authors also state that the addition of sugai 
accelerates the action The use of sugar for coagulation of latex was 
referred to in the last report^ p 199 The process of spontaneous 
coagulation with exclusion of air has been patented.^’ In the speci- 
fication it is claimed that coagulation is complete within 24 hours 
without addition of any acid or other coagulant. It is also claimed 
that the coaguliim is practically free from discoloration and devoid 
of unpleasant smell. The latex is coagulated m a suitable trough or 
pan, which is fitted with a lid, the an being excluded by means of a 
water seal running round the edge of the vessel. The use of sugar is 
also referred to by 0. de Vines,” who finds only a very slight difference 
in quality between rubber coagulated spontaneously with the addition 
of sugar and that coagulated with acetic acid 
From a German source” we are given the yields of so-called rubber 
from latex producing plants m Central Europe. The Lackica viminea, 
of the natural order Cm^positoB, is said to eontam nearly of “ pure 
caoutchbno.” The plant, howevey yields something over 19% of 
extractable substances, so that only a very small proportion of the 
latex consists of material which can be described as caoutchouc ; even 
then we must not enquire too closely into the qnabty of the caoutchouc. 

Compies midns, I9l7, 166, 123-6 , 1917, 970. 

G- M Thumas and M D Maude, Eng. Pat , 104323, 1916 , J, 1917, 465 
“ Arehiefvoor de RublereuUuw See J, 1917, 604 

Gfnmmi-Zeit., 1916, 30, 499-510, J, 1917, 727, 
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Tlic ordinary milkweed oi fcpurge is said to yield less, U' 27% ; and the 
sow thistle {Sonchis ohaioceus), 0*16% To make these figures 
appear in a favourable light it is stated that Bmct hasikensis and 
other rubber-yielding. trees contain only 0' 3% of rubber. Without 
enquiring how this caibulation is arnved»at, it may quite well be conect. 
Even the bark, when stripped ofi the Hevea hasikensts tree, yields 
only minute quantities of rubber The high yields from iiihber estates 
are obtained, not by extracting traces of rubber which may be present 
m the felled tree, but by tapping the tree— a totally different matter. 
In fact, by a single tapping a larger amount of rubber can be obtained 
from a Hevea rubber tree than if the whole of the bark were stripped 
off, macerated, and the rubber extracted. A reference may also be 
made to a paper by E. Dannerth on chicle and chewing giims.^® 

Non-Caoutchouc Constituents of Rubbee Latex 
It will be remembered that Eaton and his collaborators have shown 
that by setting coagulated rubber aside for a few days loss of nitrogen 
takes place, but the resultmg rubber cures much faster. Further 
experiments sSowed this to be probably due to the action of a micro- 
organism. The present writer has carried this matter a stage further, 
and shown that this extremely active nitrogenous constituent, which 
may be termed the natural accelerator of Para rubbei, consists of an 
organic base or bases^’ precipitable with phosphotungstic acid. Thes^ 
bases can be extracted from the rubber or separated from the serum 
Their action is found to be very much more powerful than that of the 
more complex protems. It has not been shown whether the latter 
are wholly replaceable by the bases. A further paper has appeared 
by Baton and Day,^® who have studied the distribution of nitrogen 
in the coagulum and serum of Hma latex. The latter lost nitrogen 
very slowly, but the unrolled coagulum lost up to calculated on 
the dry rubbei, in six weeks. 

In 1916 there appeared a large volume of researches on rubber 
carried out at the Delft Laboratories, entitled “ Communicaliioiis of 
the Government Institute for the Rubber Trade and Industry.” » 
This has now become available to some extent to English students 
through the publication of a condensed version m English. Four 
parts have so far appeared, which deal with the composition of raw 

J m Hng Chem , 1917, 9, 679 5 J, 1917, 97l 
H P Stevens, The FaUral Accelerator qf Para SuUer , J., 19i7, 365-370. 

18 Agnc. Pull. FMS, 1916, 4, 350-3; J,, 1916, 1164. 
i» Mededeehngen van den Rbksvoorliohtingsdienst ten behoeve van den Rubber* 
handel en de Eiibbermjverheid, Dec , 1916. 
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I’ubbei dJid tk visootiitj of the solution. Some of the more interesting 
points in these papers may be referred to 

P Dekkei^" earned out dialysing expcinnents with latex preserved 
with ammonia This latex gave 29% of caoutchoue coagulated by 
acid and 32 4% of total soli^, leaving a difference of 3*4% soluble 
latex substances On dialysis actually some 3*2 % of soluble latex 
substances was removed, and a small quantity of nitrogenous matter 
(not ammonia) was found in the dialysate, confirming observations 
of Beadle and Stevens Havmg regard to the presence of organic 
bases in raw rubber, it would appear probable that these aie responsible 
for a part at least of the nitrogenous matter in the dialysate The 
solubility of a small part of the mtrogenous matter in acetone and 
water“ when the rubbei is extracted with these solvents, points m 
the same direction, as also the fact that the water extract contains 
nitrogen This, however, is paitly accounted for by the presence of 
other protein degradation products An aqueous extract of iiiblier 
contains both organic bases and mtrogenous substances precipitable 
by tannin As regards the insoluble mtrogenous constituent, Dekker 
has separated this from various specimens of Hevea rubbei by ii eating 
with petroleum^-* at 230'^-260'^ C for two to three hours. The whole 
of the ash of the oiigmal sample is contained m the insoluble pait thus 
separated, but only about 55-66% of the nitrogen The insoluble 
ponstituent separated by heating with petroleum contained 10 5% 
mtrogen m the case of plantation Hevea sheet and 7 3% lu tliat 
of fine haid Para These results may be compared with the earlier 
work of Spence and Kratz,®! who isolated the msoluble constituent 
by swelling in benzine containing 0*3-0 5% trichloroacetic acid; 
this yielded the insoluble constituent containing on an aveiagc 
9 83 to 12*08% of mtrogen m the case of plantation Hevea, and 
7*75 to 10*5% for hne hard Para It therefoie appears that both 
methods yield similar figures as regaids the mtrogen content of the 
insoluble constituent, but that the oldei figures of Spence and Kratz 
are on the whole higher. This leads to the conclusion that their method 
results in a more complete separation than that of Dekker Dekker 

Int Asia for Snhber Cultimtwn m Netherlands Indtei, Part 1, p 23 J 
1917, 970 

Koll Zeits,im, 18,207 

P Delker, Int Assn for Snhber CuUmiwn in Netherlands Mies, Part 2, 
65 and 50 Tins observation is not new, the presence of nitrogen in the acetone 
extract havm| been noted by Spence and others 
-■* H P Stevens, “ Tlie Ifatural Accelerator ot Para Eubber,” J , 1937, 365-370 

Compare Beadle and Stevens, Aml\jsi, 1932, 87, 13, J, 1912, Ul 

Noll Zeits , 1914, 14, 262-277 ; J , 1914, 653 
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lias also louucf ® tliat tlio percentage ot the insoluble oonstitiieiit, as 
estimated by Ins petroleum method, is increased when the rubber is 
subjected to a preliminary heating say for three hours at 130" C. 
Further heating for longer period tends to reduce the percentage 
The percentage of pisitein (nitrogen) in the insoluble constituent is 
correspondingly reduced, so that the increase noted appeals to lesult 
from a decreabcd solubibty of the caoutchouc This effect of heating 
IS nob brought about by oxidation, for a similar increase m the insoluble 
part takes place on heating in an atmospheie of carbon dioxide A 
sample of rubbci which normally yielded only of insoluble 

mattei, gave 9-10^ on heating in air for three houis at 130" C , and 
20-25% on Jieatmg in carbon dioxid<‘ under the same conditions 

Viscosity of Rubber SoLunoiis. 

A good deal of systematic i\oik on this subject lias been earned 
tliiough at Delft-’ with the object of correlating the viscosit) of nibber 
solutions With ‘‘ the quality of the rubber either in the law or vul- 
canised condition *’ Although the results do not lecoid much piogicss 
in this direction, they compiise some observations of interest to which 
reference will be made. 

When determining the viscosity of a rubber solution in an ordinary 
Ostwald viscometer, it had previously been noted that the same solution 
tended to give lowei results each tunc the determination was repeated 
This effect was ascribed to a change m the solution biought about bV 
the mechanical action of drawing the liquid through the capillary 
Van Heiirn^* appears to have proved conclusively that this decrease 
in viscosity is not due to mechanical action, but to the action of light 
on the rubber solution during the operation. He has also shown that 
shaking the nibber and benzene together to promote solution is without 
effect on the viscosity of the solution obtained Van Heurn has also 
repeated the fractional solution experimenis of Stevens,-" and confirms 
the lower viscosity of the fraction first dissolved. It is therefoie 
necessary, when making up solutions, to see that the rubber isniissolv d 
as completely as possible. 

® Ini Ami, for Rubier CuUn in Nether Indies^ Part 2, 63; /, 191/, IlOo 
The increased insolubility on heating was originally noted by Gladstone and 
Hibljert, J Chem Soc , 1888, 769. 

Ini Aesn for Rubber Cultn m Nether Indies^ Part 3, /3-104, and Part 4, 
111-120 J, 1917, 1104,1242 

^ Ini. Ami. for Rubber CuUn, in Nether. Indies, Part 3, *86-88, lee J, 
1917, 1104 

29 India Rubber J, 1913, 46, 343 
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A few experiments of Van Heuin*® indicate a lougii proportionality 
between the viscosity and the breaking load of the raw rubber as 
influenced by heating and mastication. On the other hand, theic is 
no direct proportionality m the case of vulcanised rubbfer, although it 
is claimed that a high viscosity points to a higlryoofficient of vulcani- 
sation. This is somewhat suiprismg, having regard to the fact that 
the coefficient of vulcamsation is largely influenced hy the presence ol 
nuuute quantities of a catalyst (organic putiefaction base) Viscosity 
of a rubber solution is, according to the Dutch chemists, a measure 
of the degree of polymerisation, and the subject is discussed from this 
standpoint.*^ 

Eeference may also be made to the method of registering the viscosity. 
It IS usual to deteimine the relative viscosity for at least three con- 
centrations, and to plot a curve from the figures Schidrowite and 
Goldsbrough’’^ take the tangent of the curve at a concentration of 
1% as a measure of the viscosity, while Eol proposes to take the 
area bounded by the curve and both the axes. It is shown that the 
tangential metliod is unsatisfactory owing to the difficulty of drawing 
the tangents, difieront observers arriving at widel\' varying figures 
based on the same curve. Fol finds that a number of standard curves 
can be oonstiucted so that one determination of the relative viscosity 
at an arbitrary concentration is sufficient to place the sample under 
investigation m its correct position relative to the nearest standard 
CjULive. This enables the so-called “ viscosity number ” to be cal- 
culated. 

The Theory oe Vulcanisation and the State of^Core. 

It IS well blown that the state of cure or degree of vulcanisation 
has a great influence upon the physical properties of the rubber With 
a shoit cure or a relatively low temperature, the rubber shows a high 
limit of elasticity and low tensile properties. As the length of cure 
or the temperature is raised, the hmit of elasticity falls, and the tensile 
strength increases up to a certain pomt, after which it falls off and the 
rubber becomes buttle. It is consequently of great importance, when 
comparing rubbers for tensile strength and other physical properties, 
to ensure that all samples are vulcamsed to the same degree or the 
same state of cure The state of cure may be determined by the 
measurement of '-—(I) The coefficient of vulcamsation which is based 

f. Int Asm for UulUr Cultn , Part 3, 98-100 
Int Assn for Huhhr CuUii , Part 4, 111-121 
Roll, Zeits, 1913, 12, 131, and 13, 46. 
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Oil chemical analysis of the vulcanised rubber (2) The stiess-stram 
curve, which is a measurement of the physical condition of the lubber 

A^arious workers in, this sphere have found it necessary to fix on an 
ideal state of vulcanisation as a standard to which other states of 
vulcanisation can be referred This is known as the optimimi, perfect, 
or correct cure * 

The coefficient of vulcamsation, which is the amount of ‘‘ comhmed 
sulphur ” (that which cannot be extracted with acetone), calculated on 
the rubber, was exhaustively investigated by D Spence, who recently 
stated^® that “ the combined sulphur at optimum cure m the case of 
Hevea plantation rubber is a remarkably constant quantity, equal on 
the aveiage to appioximately 2 8-3% ” Also, the writer has said®* 
that a figure for the coefficient exceeding 3*5 in the case of a vul- 
canised rubber and sulphur compound is an almost certain indication 
of over-curing ” 

On the other hand, basing then results ou the stress-stiain curves, 
Schidrowitz and Goldsbrough,®’ workmg with a mixing of plantation 
rubber with 8% of sulphur, ohtamed figures varying from 2 '03 to 
4 86 for the percentage of combined sulphur for samples subjected 
to the correct cure ” as ascertained by their method of physical 
testing It Will be noted that a figuie of 4 86% for combined 
sulphur coiresponds to a coefficient of a little over 5 These authors 
found the optimum cure to vary from l|-4 hours at a temperature 
of 141° C. Also 0 de Vries,” workmg with a mixing of rubber with < 
7|% of sulphur, obtamed fiigures from 4-5 for the percentage of com- 
bined sulphur for correctly cured rubber This corresponds to a state 
of cure at which the specimen gives the maximum tensile strength 
De Vries” finds the optimum cure usually requires 2-2| hours at a 
tempeiature of 148° C. Baton and Day,” woiking with a mixing of 
90% of rubber and 10% of sulphur, state that the limits for the sulphur 
content of rub berat the optimum cure vary between 3*7% and 4 8%. 
Ordinary crepe gives figures fallmg between 3 7 and 4 1%, and 
“slab” between 4‘2 and 4 6%. The optimum cure for oi^mary 
cr§pe IS about three hours at a temperature of 140° C. 

It therefore appears that, according to de Vries and Eaton and Day, 


India Rulhei' J, 1916, 58, 861 j 1917, 92 
J, 1910, 36, 874, also India Euhher J , Jeb 10 1917 
India Buibei J , 1916, 52, 505 j J , 1916, 550 
Annual I, p 210 

Mededeelingen mn liet Cenfraal Euihevstaiion, No 1, p 'S 
India Euller J, 1917, 58, 18 
39 /, 1917, 86, 16-20 and 1116-1119 
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the coiiil)ined sulphur or coefficient at the optimum cure ^aiuss fur 
typical plantation rubbers ¥ithm moderate limits, tlie mmimuiu 
being about 25^ less than the maximum On the othci hand, Bchidru- 
Witz by his method obtains a much wider variation He emphasises 
the fact that he does not draw final conclusions from these results, 
but IS of opinion that so fai they suggest that the combined sulphur 
at the optimum cure is not approximately constant. 

Spence^*’ originally showed that vulcanisation as deteimmed by an 
increase m the combined sulphur proceeds exticmely slowly at 
temperatiiies below 80° C , so that months are required to jiioduce an 
appreciable increase in the combined sulphur De Vnos found that, 
keeping vulcanised specimens having a low coefficient (2 85) m an 
oven at 70° C for 66 hours, the tensile propeities woie so alteiecl that 
the iLihher resembled one vulcanised ordmaiily to give a coefficient 
of 4-5, that IS to say, one given the optimum ciiic from do Vnes' 
standpoint. This alteration m the tensile properties took place without 
any change in the coefficient He therefoie concluded that ‘'the 
peicentage of combined sulphur is qiute independent of the state of 
cure as expiessed by the position of the stiess-str^in curve.'* No 
objection can be taken to this statement if one admits that the " state 
oi cure ” is correctly expressed by the stress-strain curve This, ho^\ - 
ever, raises the whole question as to whethei the state of cure is not 
more correctly expressed by the coefficient of vulcanisation The 
^ results obtained both by de Vries and by Eaton and Day sliow that, 
when the physical teats are made under the same conditions, the 
coefficient roughly corresponds with the stress-strain curves. Eaton, 
who holds that the coefficient of vulcamsation and the stress-strain 
ciii’ves should correspond closely, points out that de Vries, liy his 
treatment, is able to produce samples “ coiitaimng almost any per- 
centage of combined sulphur up to but not exceeding the noimal 
figure obtained by direct cure ” The results obtained by de Vru's 
are therefore really due to an “accelerated ageing period.” Tim 
importance of the “ agemg ” factor was originally emphasised by the 
writer‘s in a series of vulcanisations at the same temperature, but 
for mereasingly long periods; the samples were allowed to age at 
room temperatures, and tests repeated at intervals The results of 
such tests on typical pale crepe and smoked sheet rubber showed that 
appreciable deterioration (as indicated by the tensile figures) sets m 
with both types within a twelvemonth in those cases in which the 

« m 10 , 299 ; J, 1912 651 . 

« 1916 , 872-4 
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coefficient exceeds .Approximately 3*5 No appreciable deteiioration 
was siiown in the samples vulcanised having a coefficient of 3*2. 
These results lead to’ the conclusion that the period elapsing between 
vulcanising and testing should be constant, and, fiom the expeiiments 
oi Spence referred to alvive, it also follows that the temperature should 
also be kept constant during this period 

There does not seem to he much doubt that the coefficient and tensile 
properties do not necessarily go hand m hand, and that a considerable 
variation in the tensile properties may he effected without alteration 
m the coefficient. This was shown to be the case in a careful seiics 
of ageing experiments made by Spence as long ago as 1912,'*^ and 
which appear to have been oveiiooked by recent workers It was 
shown that very small increases in the coefficient could he detected 
111 vulcanised rubber kept at ordinary temperatures over a period of 
three montlis, paiticiilarly m the fully cured or ovei-cuied specimens. 
He also showed that excessive mastication previous to mixing had no 
influence on the coefficient, but a marked effect on the tensile 
properties. 

It IS open to*t|uestion whether it is possible to vulcanise rubber so 
that 11 will maintain it.s physical properties unimpaired over a long 
poiiod. k progressive reduction in the elongation under a given load 
appears to take place with ageing that is to say, the stress-strain 
curves tend to come lower down on the paper, the effect being similar 
to a longer cure or a higher temperatuie “ This can be seen from# 
de Vries’ results in the difference between the same sample tested 
two hours and 24 hours after vulcanisation 

From various published papers it appears that there is no standard 
state of cure m maniifacturmg practice. When adjusting the con> 
ditions of vulcanisation (time, heat, percentage of sulphur, accelerators, 
etc.), the manufacturer has m mind the ultmiate purpose for which 
the goods are required. If high tensile strength is of less importance 
than flexibility and ageing qualities, the coefficient is kept low, 
particularly in cases where the goods arc exposed to a relatively high 
temperature during use, as, for instance, the inner tube of a motoi 
tyre In such a case the conditions are similar to those of the ageing 
experiments already referred to In other cases, where high tensile 
qualities are of fi.rst importance, the rubber is more ‘‘ fully ” cured 
There is, therefore, m practice no one optimum cure, but rather an 

^ mi. ZeiU , 1912 , 10 , 299 , 1913, 13 , 265 , /, 1912, 651 , 19l3, 1120 . 

« H P Sterecs, J., 1916, 873. 

** 0 de Ymh, India UnhherJ, 1917, 63. 101 , J, 1917, 299. 
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optimum cure lor eacli individual article. Generally speaking, the 
optimum cure is that giving the maximum physical properties 
consistent with a reasonahle life, having regard -to the purpose for 
which the goods are required.*^® 

The mixing commonly used by mvestigators when comparing the 
qualities of raw rubber conkns 7|-10% of sulphur without other 
ingredients. Rubber thread is a type of manufactured rubber which 
resembles such a mixing most closely, and it is therefore of interest to 
note the results of analyses of this material recently published by 
Dubose.^® The ash found amounted to about %% only, showing 
absence of loading. The acetone and alcoholic potash extracts were 
low or negligible. In the seven samples examined, the total sulphur 
varied from 2'‘68// to 3*04% The figuic for total sulphur will 
only slightly exceed that for combined sulphur, as it is usual for the 
manufacturer to digest the vulcanised thread in a hot alkaline solution 
after vulcanisation, which removes most of the free sulphur and prevents 
bloommg of the finished goods. We may therefore conclude that the 
combined sulphur in these samples was under 3%. 

The whole matter is closely hound up with the theory vulcanisation. 
As in the cognate mdustries of tanning and dyeing, there arc rival 
theories as to the chemical or physical natiiie of vulcanisation. It is, 
however, admitted by those who interpret the process as a chemical 
reaction that it may be preceded by a physical change, namely, a 
..preliminary adsorption of the sulphur by the rubber, while the 
physicists admit that the absorption may be followed by a chemical 
reaction. The two schools differ as to whether the change which 
rubber undergoes in the process of vulcanisation is pimnly of a 
chemical or physical nature. The latter view was originally cham- 
pioned by Wo Ostwald,*’' but the exhaustive quantitative rcscaichcs 
of Spence and his collaborators*® showed that most of the experimental 
work on which the physicists based their adsorption theory was 
unreliable, and proved that .— 

(Ij-The rate of combination of rubber and sulphur is mainly** 
proportional to the time of heating (vulcanising). 

Y anous papers in tlie India Rithher J , 1917, by Schidrowitz and Goldsbrough, 
de Vnes, and Stevens, see J , 1917, 296, 396, 971. 

Caoutolmcel G-uUa FenJia, 1916, 13, DOOT'S, J., 191G, 1027 

Wo Ostwald, loll Zeiifs, 1912, 11, 34 

Koll Zeits , 1911, 8, 304 , 9, 300 ; 1912, 10, 28 , J"., 1911, B17 5 1912, 81, 78o. 

Eaton ail'd Day, J , 1917, 36, 19, show tliree curves similar to Spence’s but not 
so regular Spence’s curves are straight lines so long as 10 % of the sulphur 
remains uncombmed, while Eaton and Day’s show slight curvature throughout. I 
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(2) For cR mixing of rubber with 10% of snlphiir, a velocity 
coefficient of 2*65 is obtained (since confirmed by de Vries'® 
and others). 

(3) Vnlcamsiiig with a Urge excess of sulphui (37%) compounds 
are lormed with increasing quantities of combined sulphur 
up to 31 9% after which fuYtlier heating has no effect 
(CioHiiiSi contains 32% of sulphur) 

(4) Bromination of rubber yields a defimte tetrabromide, 
CioHioBfi, but if a vulcanised rubber be brommated^ less 
bromine combineSj the deficiency of bromine being equivalent 
to the sulphur present in the rubber as combined sulphui 

More recentlv a paper on the theory of vulcanisation has been 
published by Harries on work earned out in conjunction with Fon- 
robert “ A mixing of Para rubber and 10% of sulphur was vulcanised 
for a relatively short period (30 minutes at 145° C ), and exhaustively 
extracted with acetone over a period ot 60 days ; progressive reduction 
in the sulphur content took place, the final products containing only 
0*29%. This amount is regarded by the authors as negligible, and it 
IS concluded tHat vulcamsation can take place without chemical 
combination between the rubber and sulphur. Consequently, vul- 
‘camsation is primarily a physical and not a chemical phenomenon. 
Harries, however, distinguishes between this type of vulcamsation 
and “ af ter- vulcanisation ” in the course of which 2-4% of sulphur 
enters into combination. This view, however, would not appear to • 
be reconcilable with the results of Spence and de Vries already referred 
to, m which it was shown that “ after-vulcamsation ” at temperatures 
below 80° C., which involves a considerable change in physical 
properties, is accompanied by a trivial increase in the combined 
sulphur. The main properties of raw and vulcanised rubber relied 
on by Harries as distmguisbing characteristics, appear to be the 
insolubility of the latter m organic solvents and the greater lesistance 


suggest this may be due to the f.ict that Spence used an aeetone-eKtraeteef rubber 
(^ e partly deprived of accelerator), while Eatou and Day used ordinary sheet and 
crepe which would contain the usual proportion of natural accelerator The slab 
sample (244A, see Eaton and Day’s Paper) will contain tbe largest proportion of 
natural accelerator and gives a more pronounced curve than the sheet rubber 
(244B), while the er^pe rubber (244C), wlueh would contain the smallest proportion 
of natural accelerator, approaches most closely to a straight line 

0. de Viies, MeMeehngen mn hi Centraal Mhrstatm (1), p 31 ; see 
1916,1226 ^ • 

^ Karnes, Ber , 1916, 49, 1196 Harries and Eonrobert, Ber , 1916, 49, 1390 
J,1916, 747, 1027. 
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to reagents such as ozone. He therefore regards the vulcanised 
ruhbei as the stable and the raw rubber as the metastabie form This 
work appears to have been iiiicleitakon as a prelimmaiy to future woik 
on the regeneration of vidcanised lubbei II vulcanisation is prmuiily 
a physical phenomenon, the removal of 'the combined sulphur 
(desulphurisation) is only of secondaiy importance It is worth 
noting that the various “reclaiming" processes at present in use 
do not so much aim at deviilcamsation as the icgeneration of the 
physical properties possessed by the compounded rubber pnevious 
to vulcanisation- that is to say, plasticity, evenness of texture 
(homogeneity), and the capacity (when again subjected to the 
vulcanising process) to harden and toughen, the mass formed lesembl mg 
the original vulcanised product In this aim, modem reclaiming 
processes are more or less successful, particularly when it is remembered 
that the raw material— the rubber waste— often contains but a small 
proportion of vulcanised caoutchouc, and that, peihaps in a “ perished 
or semi-decomposed state. A reclaiming jiiocess for the removal of 
the combined sulphur from vulcanised rubber has been recently 
patented by D Spence.®^ Various claims had previously been made 
to the same end, but the only woik of this nature that need be con- 
sidered here is that of Hmrjchsen and Kindscher,“ who emplcjcd 
alcoholic soda and metallic powders. Their claim is disputed by 
P. Alexander.^* Another process which is claimed to desulphurise 
^ vulcanised lubber has been patented by W Eseb,®® who, after 
removing the “free” sulphur, treats the rubber m a phenolic solvent 
With an alkalme solution and heats the emulsion thus formed with 
zinc or aluminium The emulsion is then treated with carbon dioxide, 
and, after settling, the solution of “ depolymerised ” rubber is removed. 
The solvent is recovered by steam distillation, and the recovered 
rubber polymerised” by treating with 5% of sodium. The use 
of sodium for the improvement of low-grade lubbers was discovered 
and patented some years ago by Spence It is well known that even 
prolonged treatment ivith solutions of caustic alkalis removes nothing 
but free sulphur, the combined sulphur is not affected, Spence’s 
process starts with a prelimmary tieatment to remove the free 
sulphur. The product obtamed is dissolved by heating with a suitable 
solvent such as xylol, and this is then treated wuth an agent capable 


U.S Pat 1235852, 1917, J, 1917, 1056 

■''* Hiui'idiseii and Imdscher, Miit K MaUnalpnf, 1915, 33, 407-415 J 

Ml ZeUs , 1912, 10, 252. 

Ger. Pat 293496, 1912 j 1916, 1071. 
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of combining with the sulphur, such as fine!} divided anhydrous cau^tlc 
alkali, the reaction taking place in the presence of a vulcanising 
accelciator The novelty of the jirocess consists rust m the use of 
diy leagents, i'lid secondly in the of a uilcaiiiMug arcelciatoi 
which in the cireiimstiuices niomotes devulcanisation in the same way 
as it promotes \ulcai!isation m the aUence of soda— that is, undei 
ordinary vulcanising conditions As caustic soda itself is an ar celeratoi , 
it follows that the desulphuiismg agent may act as its own acceleiator 
In tins manner the amount of combined siiljihur was reduced fiom 
4' 1 to I 2% By the use of a solution of metallic sodium in aniline, 
the combined sulphur was reduced to 0 9%, and a liard lubber con 
taming 32% combined sulphur i educed to 8 9% It is interesting to 
note that the desulphurised rubbers, mcliidmg that containing 8’9' 
of combined sulphur, wete soluble m benzene 

Accelerators. 

The use of acceleratois appears to be widening Munufactureis of 
rubbei-oompounding ingredients, as well as rubber manufacturers 
themselves ha;^e been granted licences for working the Bayer patents, 
and accelerators under tiade names have appeared on the market 
D Spence’’® claims to have anticipated the Bayer patent for piperidine, 
and also that of S J Peachey for j?-nitrosodimethylanihne , this lias 
called forth a vigorous reply fiom the latter®’ Finally, the use of 
caustic alkalis m glyceim or other suitable solvent has been patented 
by the Dunlop Rubber Co and Twiss The accelerating eftect of 
basic mineral substances is well known, but the general idea pieviously 
prevailing regarded alkalis as dangeious and the goods liable to 
“perishing” and decomposition. Twiss states, however, that Ins 
samples did not show a greater loss in strength than those vulcanised 
111 the ordinary manner A reference was made to Martin’s work on 
this subject in the last Report (p 207). Even lime has been regarded 
as open to suspicion, magnesia coming more into use 
Reference may here be made to the vulcamsing tests made by 
Gottlob®® with an orgame accelerator An increase in rate of vul- 
canisation amountmg to 200-300% was shown by the percentage of 
combined sulphur on a rubber and sulphur mixing contaimiig 10/, 
of sulphui The most interesting part of the paper deals with ageing 
tests on the vulcanised samples, and it is shown that the tendency 

J, 1917, 118-119 15^17, 321. 

-s Eng Pat 110059, 1916, J, 1917, 1185, 

Gummi-Zeit ,Vd\Q, 30, 307. 
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to perishing ” and decomposition of the fully or over-vulcanised 
specimens was much gpeater in those samples cured with the use of 
an accelerator than those without 

Vulcanisation 

The condition of the sulphur used for vulcanisation has been investi- 
gated by Twiss/® who compared the effect produced by the soluble 
and insoluble varieties There is much a p%m evidence in favour 
of such a theory, which is set out at length by Twiss in his pajier. Two 
mixmgs were made of rubber with 10% of sulphur, one with soluble 
and the other with the insoluble vaiiety, and it was found that th(' 
former combmed slightly faster with the rubber than the latter , the 
“ free ” sulphur extracted with acetone from the rubber vulcanised 
with the insoluble variety of sulphur consisted mainly qf the soluble 
modification. Twiss also draws attention to the difficulty of extracting 
the msoliible modification ivith acetone, only some 27% being extracted 
in 10 hours from the unvulcamsed compound containing this modi- 
fication. Dubose*^ has formulated a theory of vulcanisation according 
to which the sulphur at the moment of reaction must he in the colloidal 
form. Tins is produced in sUn, by a reaction between hydrogen sulphide 
and sulphur dioxide, the former derived from the action of the sulphur 
added with the resins, protein, etc. 

A reference may also be made to the writer’s further work on the 
'influence of the resinous constituents on the vulcanising of rubber 
The effect produced by extraction of the raw rubber with alcohol or 
acetone is much more pronounced m mixmgs containing litharge 
A reduction m rate of cure is observed even m the case of rubber and 
sulphur mixmgs, and is no doubt due to the extraction of the natural 
accelerator with the resinous matter As regards vulcanisation with 
nitro-aromatic derivatives and organic peroxides, it would appear that 
so far the results obtained are not comparable with a fully vulcanised 
rubber manufactured with sulphur as the vulcanising agent.®* 

A very complete account of the present position of the chemistiy 
of vulcanisation is given by D. E. Twiss in a paper read at the Annual 
Meeting (1917) of the Society,®* and reference may also be made to a 
paper on the present position of synthetic caoutchouc by B W, D. 
Luff.®* 

^ J, 1917, 788 

« CwutehoKef GuftapefcJia, 1917, 14 , 9109-15, J, 1917,296 
“ , 1916, 874-7 «» H P Sterens, J., 1917, 107-9 

J., 1917, 789. ffi 9g3_9 
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LEATHER AW GLUE 
By Joseph T. Wood, FIC. 

Messis Turney, Bros, Ltd, Nottingham 

In the tanning industnes the quantity of work, both in research 
and investigation of processes, continues to sufier from the war 

The younger men in the two British centres— London and Leeds, 
are serving in the army, and the chemists who haveremamed behind m 
the works and laboratories have had their attention confined pimoipally 
to problems connected with the rapid production of leather for army 
use, and have had neither time nor inclination to read papers or pubbsh 
new work 

The principals have been consulted by the War Department, and 
have rendered valuable aid by their advice in technical matters. The 
results achieved have surpassed expectation, and both the British Army, 
and many of the Allied troops, have been supplied with boots and 
equipment of better quality than in any previous war. 

Mention should also be made of the vast quantities of sheep leatheL 
which have been turned out for jerbns for the winter, and for anators’ 
clothing and gloves 


Peeparatory Processes 

Preservation and disinfection of hides and skins — Joint regulations^ 
have been drawn up by the Secretary of Agriculture and the Secretary 
of the United States, governing the certification and disinfection of 
hides, fleshings, hide cuttmgs, &c , for entry into the United States. 
The circular of the Treasury Department (TD 36, 754)- contains 
these regulations, which took effect on January 1st, 1917. 

A. Seyinour-Jones® continues his work on the stenhsation and curing 
of dried hides, especially with reference to anthrax. He states that the 
Schattenfroh process of sterilisation (see Annual Report, Vol. I, p 227) 


^ 1917, 39 

^ Eepnated m the Board of Trade Journal, Dec, 21, 1916, pp 884-887 
^ JALC A, 1917, 68, Coll (London), 1917, 121 
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damages the fibres of the skin, and moreover would not be practicable 
in the hands of ignorant natives. The efficiency of the formic-mercury 
process has been proved in practice, and it is suggested that the Govern- 
ments concerned should forbid the importation of hijies and skins 
unless (i) they have been subrmtted to the ordinary “ wet-saltmg ” 
process immediately after flaying ; or (2) if cured by drying they have 
been converted hack to the “ wet-salted ’’ state by the formic-mercury 
process before leaving the country of export. 

A. Eichhoin, W. K Berg, and E A. Kelser^ pubhsh immunity 
studies on anthrax serum, and give results of methods for its examina- 
tions, and also the results of experiments on animals In many cases 
death was prevented. 

The meeting of the A.L C.A. in June, 1917,® at Atlantic City, was 
devoted to the discussion of anthrax. The following papers were 
read Anthrax,” A. S. Eoss , “ Practice and Theory of Treatment 
and Diagnosis of Anthrax,” H. J. Frisbie ; “ The Nature of Anthrax 
and Anti-Anthrax Serum,” A. Parker Hitchens , “ Anthrax and Hide 
Disinfection,” Yan A Wailm; “Discussion on Anthrax,” E. W. 
Hickman and others. 

The practice of bringing together a number of experts on the same 
subject is an excellent one, and hrmgs to light matters which otherwise 
would remain hidden from the general public. Our own societies might 
take pattern by it 

^ Useful directions for the treatment of anthrax are given by C. E. 
Oberfefl.* 

At the same meeting A. Seymoui-Jones read a paper on the future 
of hide supply, pressmg for the improved preservation of hides imported 
from foreign countries. There is no doubt that sbns preserved as he 
sugg^ts (by the formic-mercury process) would be better for the tanner, 
and the risk of infection by anthrax would be avoided. It does not 
appear that much can he done until the Governments of the chief 
importing countries come to an agreement on the matter, and make the 
system of preservation compulsory. 

A paper by R. M. Chapin' on the chemical composition of hme- 
sulphur ammal dips, is of interest to leather manufacturers on account 
of the explanation given of the reactions which take place in the 
preparation of lime-sulphur solutions used in unhainng 

^ J Agnc Res, 1917, 8, 37; J, 1917, 302. 

^ JALO A, August, 1917. 

JA.LC A, 1917, 51 

7 U S. Bepi Agni Ml No 451, 1916 , J, 1917, 232 
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Pueruig atid hatiag — J Meister® patents tlie use o' pepsin for tLe 
fleliming and bating of skins These are subnntted to the action of 
pepsin in very dilute liydiocHonc acid, the ^mperature being main- * 
tamed at 40° C , and' other acids (bone, lactic) and also salts (anmioniuiii 
chloride) are added to keep up the hydnon conceuLratiun In view of 
the fact tiiat pepsin %cts in acid solution of a concentratiun e(jual to 
0*2% hydrochlonc acid, it is quite certain that the skins would be 
swollen to such an extent as to render them useless for taiming. 

A new antiseptic, “ mercurophen ” (sodium osymercun-o-mtrophen- 
oxide), is described by J F Schamberg, J A.KolmerandGl.¥ Prnizin® 
By the Eideal- Walker test it exhibits 10,000 times greater gerimcidal 
power than phenol, against B typhosus, and over 30 times greater 
activity than mercuric chloride It is suggested by a writer in the 
Leather World, that this antiseptic might be of use for the disinfection 
of hides and skins in a similar way to the use of mercuric chloride in 
the Seymour- Jones formic-mercury process 

P^hhig — Eestiictions m the supply of sulphuric acid have led to 
the trial of nitre cake as a substitute tor acid m the pickling process. 
The cake contains from 26 to 30% of sulphuric acid, and a solution to 
which is added the proper quantity of common salt may be used for 
pickhng The storing and solution of the cake present some difficulties, 
and its use requires control from the laboratory^® 

E. NihouP^ gives an account of the commercial manufacture of 
lactic and butync acids, together with methods of analysis. There is 
no doubt that after the war the use of these acids in the various pre-* 
paratory processes will be largely increased. 

Tanning. 

Vegetable tannage — N. MameP^ gives a useful general review of the 
various processes proposed from 1764 to the present time for lessening 
the time of tannage in the production of leather. The general con- 
clusion arrived at is that leather rapidly tanned, by means of vegetable 
tanmng materials, is not equal in quality to leather tanned by the slow 
process. Eapidly tanned leathers m general contain a larger percentage 
of water-soluble material than those more slowly tanned, although this 
difierenee is not distinctive. 

3 Fr Pat 480196, 1915, J., 1917, 161 
'J / Amer. Mei Assoc., 1917, 1458 , J, 1917, 733 
Por a discussion on the subject, and references to previous papers, see J,, 
1917, 1216 

“Apropos des aeides iaotiques et butjnques ” Coll (London)* 1916, 242 
Sec Gen des Sciences, 1916, 720, JA.L 0 A, 1917, 142. 

72 
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A valuable paper on dram tannage, containing many practical, 
"wrinkles, by Oskar BietM,^® includes a table showing the degree of tan- 
nage and per cent ot hide substance in diffeient standard tannages 
When properly controlled the tensile strength of dram or tumbler 
tanned leather is fully equal to that of pit tanned leather. Procter 
also has shown that a very high percentage of combined tannin (degiee 
of tannage) actually reduces the breaking resistance. 

P. A Coombs^^ gives an account of comparative sole leather tests 
with Australian pine harks (see Ann Eep , vol P 1916, p 240), and a 
comparison of these with wattle barks These experiments were 
earned out on one hide, the butt of which was cut into eight pieces, 
a diagram of the method of cutting the hide being given The results 
show a higher leather return for the pme bark tannage, probably due 
to the higher acidity of the pine liquors. The leather also resisted 
water penetration better than the wattle bark leather The author 
suggests the drawing up of a standard experimental process for tanmng 
heavy leathers based on these trials He considers that such a process 
must be a miniature reproduction of the commercial process 

F, A Coombs, F. Alcock, and A Stelhng^® have also given some 
useful comparative tests on similar lines with mangrove and wattle 
barks 

Riethof^® pubhshes a senes of useful tables showing the relation 
between specihe gravity, per cent, total sohds, and tannins, in chestnut 
e^xtiacts and hemlock bark extracts. 

M C Lamh^’ discusses the causes of the deterioration of leather 
used in gas meters, and gives specifications for the manufacture of 
suitable leathers for this work from E I. Persians, semi-chrome tanned, 
and pure chrome tanned sheep or lamhsbns 

E. NihouP® gives a list of eight difierent tanning materials found 
m the Belgian Congo. The tannin content varies from 12 to 28% , 
he considers that some of these could be economically used m Europe, 
especially if diy extracts of them were made in the Congo 

Othe:^ useful information with regard to vegetable tanning materials 
IS given in the following papers — 

Quebracho Extract Manufacture in Argentina and Paraguay, 
Board of Trade J , February 15th, 1917. J., 1917, 226 

JALGA,im, 322, J", 1917, .931 

^•5 CoU (London), 1916, 205 , J", 1916, 1028 J, 1917, 188 

16 CoU (London), 1915, 232 u CoU (London), 1916, 248 , J, 1916, 989. 

IS Note sm quelqnes matieres tannantes dn Congo Beige, pObSibilite de lenr 
utilisation en vue de ia fabiication d’exlraits secs CoU (London), 1916, 257 
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Tanning Materials from Britisli Malaya, Chamber of Comm. J. 
March, 1917 J, 1917, 347 \ 

Indian Sumac, JBull Imp. Inst , 1916, 14, 482, Coll (Lond ), 1917, 2 

Indian Stmiac, Pman Singh, Ind Forest Bull Xo. 31, 1916 
J , 1917, 39 ; 

The Wattle Bark Industry of Natal. Bull Imp Inst , 14, No. 4, 
599. 1,1917,558 

Taiwad ” Bark as a Tanmng Agent, B. B Limaye, Coll. (Lond.), 
1917, 126 (A very Ml account This bark, Cassia aiii icnlata, 
along with babul and myrabolams, form the chief tanning 
mateifals used in the tanmng of Bast India skins ) J , 1917, 
513 

Babul Pods as Tanning Material Bull Imp Inst., 1916, 14, 612. 
J , 1917, 559 

Indian Forest Products R S Pearson. Lecture at the boc 
of Arts J, 1917, 631. 

Philippine Tanbarks V Q Gana PbKpp. J. Sci , 1916, 11 231 
J,1917, 1106 

Liquors from the sulphite cellulose process of wood pulp manufacture 
are put on the market under various names, such as “ spruce extract, 
the tanning properties of which are doubtful, but which act as fiHing 
materials. In some cases they are used to adulterate genuine tanning 
extracts The process of manufacture of wood-pulp is described in a 
paper by Allan Smith * 

The detection of wood-pulp in extracts and leather is dealt with by 
W. Appehus and E Schmidt, Leder Tech. Rundschau, 1914, 29, 
Abstract in CoU. (Lond.) 1916, 288. 

J. Paessler'o has examined the tannin content of green walnut 
shells They contain 22% of a tannin which, though sensitive, is 
usable He recommends the collection of these shells for leather 
manufacture, 

A. Seymour-Jones^i outlines a process for the rapid tanmng of 
sole leather Instead of removing hme by the suspenders, it is either 
neutralised or removed by sodium hyposulphite. The hides are then 
immersed in a neat extract , the tanning will be completed m about 
10 days to a fortnight, after which the hides should he laid away in a 
strong but diluted liquor. In this way the whole operation of tanmng 
may be completed within three weeks 

IS J, 1916, 281 I 

^ Ledertechn Bundsc&m, 1916, 8, 189 , /, 1917, 605 
21 J Soe Leather Tr CheW/, 1917, 2 
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iYeracZoZ— Patents still continue to be taken out for taiiniug sub- 
'^stances resembling neradul. Tlie Deutscb-Koloniale Geib- u Farbstotf 
Ges patents tbe manufacture of tanmng substances oJ)tained by tke 
action of formaldehyde, or a substance capable of yielding formalde- 
hyde, on aminonaphtholsulphonic acids or dlhydroxynaphthalenc- 
sulphonic acids as such, or in the form of their salts in aqueous or 
slightly acid solution. 

The Society of Chemical Industry m Basle®® patents tbe use of 
soluble aromatic compounds containing two or more suiphamino 
groups, together with a sulphonic group, but no hydroxyl or free 
amino groups. The leather produced is not coloured, and is very 
similar to vegetable tanned leather. 

G Calvert®* patents a tanning agent obtained by the interaction 
of a phenolic substance and formaldehyde in the presence of soap 
Since reaction is earned out in the cold it seems doubtful if substance? 
of the type of neradol are formed, m which case the tannage would 
be a formaldehyde tannage. 

Mineral tanning— "Ei. Nilioul®® pnbbshes a comprehensive review 
of the alum tannage, which is of both theoretical and practical value ; 
although the use of alum m tawing is of very great antiquity, the 
theory of the process has not been studied so thoroughly as that of 
chrome tanning. 

0 Eohm®® patents a process for tanning with salts of iron in 
tbmbination with tannin, a phenol, and an aromatic carboxylic acid. 
In a further patent®® the salts of iron are applied in conjunction with 
formaldehyde. It certainly seems an anomaly that an enemy country 
is enabled to take out patents here which in many cases are merely 
“ blocking ” patents and have never been worked out on a practical 
scale A number of patents of this description are being taken out 
for the application of synthetic products on the same bnes as neradol 

P. KaiBchke®® patents a process for the preparation of chrome 
liqnors containing complex orgamc chromium salts. Chromic acid is 
reduced ‘in concentrated sulphuric acid solution by means of waste 
materials containing protein, waste chrome leather, scrap cuttings 
or parings, reaction being started either by heating or by adding 

- Eng Pat 18174, 1915, 1917, 93 

G-er Pat 397187 j /, 1917,855 
Eng Pat 108262, 1916, /, 1917, 1019 
Coll (London), 1916, 178, J, 1917, 69 
* Eng Pat 103295. 

Eng Pat 103827, 1918, 14a 

Grer Pat 295518, 1914, /, 1917, 298 
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dehydrating or easily oxidisable substances or substances capable 
of generating nascent hydrogen. \ ^ 

M C Lamb and A Harvey.®® in a paper on the “Estimation ol 
Chromic Oxide in Chiome Leather/’ state that a propsrlv tanned 
chrome leather should, contain a nunimum of 3% CrjOs They also 
point out that the fat should he extracted from the leather before 
the analysis is made 

Oil tannages —A. Chaston Chapman®® publishes a very interesting 
and valuable research on the occurrence in certain fish oils of high 
percentages of hydrocarbons In some fish oils vei}' considerable 
quantities of iinsaponifiable hydrocarbons, mth very high iodine 
values, occur Unless ah the constants of such oils are deterimned, 
this might lead to the assumption that the oil was adulterated with 
a imneial oil. Chapman has given the name ‘ spinacsne ” to this 
hitherto unhnown hydrocarbon, and gives full details of its properties. 
A point oi great importance to the analyst is that it would appear 
to he difficult to express a defimte opinion as to whether a given sample 
consists of shark liver oil or not. 

Ftmslnng'^messes.—M C. Lamb and A. Harvey®' have examined 
a large number of animal and vegetable products used m the finisbng 
of leather, and suggest certain standards of quahty for these products. 
Results are given for blood albumen, Irish moss, algin, gum tragacanth 
{Astfagalus gumifeTa), gum acacia, gum tragasol, and casern 

T. E Durrant®® gives an account of “ grains ” on leather usefi^l 
for the identification of difierent skins in printed condition 

Sul^hnatd oils.-m use of these oils for fat-hquonng has further 
increased during the past year, but owing to tbe increasing scarcity of 
castor oil a vanety of other oils have been used wbch m many cases 
have not given such good results as sulphonated castor oil Further 
increasing adulteration with nuneral oils and ammonia soaps has caused 
tanners and finishers to pay more attention to the analysis of these oils. 
This has been the case especiafiy in Amenca, where very valuable work 
has been done by a committee of the A.L.C.A. under the chairmanship 

ofW.KAlsop.»» ^ . . 

One of the points brought out is that there is no weU recognized 
method of determining the source of the oil from which a sulphonated oil 


® Coll (London), 1916, 201 , 1916, 1028 

30 Chem Soo Tram, 1917, III, 56 , Analyst, 191/, 42, 161 , 1, 191/, S92,6 

31 J 8oc JD'i/em and ColovHsts, 1917, S3, 19 , J", 1917, 212. , 

32 Leather World, Pee 4, 1916, Jan 11, 1917 


33 JA L C.A , 1917, 266, 440, 
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has been made. If a mixture of oils be sulphonated, mchdiDg an easily 
siilpbonated oil, such as /Castor oil, and one more difficult to sulpbonate, 
and then the neutral oils separated, and tbeir constants determined, 
the presence of castor oil is not apparent, but that of tile other oils is, 
and \7r0ng conclusions would be drawn from '^uch results. Alsop’s 
report of the 1917 committee for the analysis of sulphonated oils should 
be in the hands of all chemists interested in this work. 

E Hart, in a paper on the analysis of sulphonated oils, reaches 
the following conclusions .—Turkey red oils and similar products are 
completely sapomfied by alcoholic sodium hydroxide. Alkali 
combined as soap can be determined by titrating its solution with acid 
in presence of methyl orange It is feasible to calculate the combined 
SO4 from the increase of acidity due to the splitting of the sulpho 
group. Based on these fundamental points a rapid method has been 
developed whereby sulphonated oils can be analysed for fat, ammonia 
and caustic soda bound as soap, and for sulphuric anhydride in the form 
sulpho'iicinoleic acid 

Quite recently L G Eadchffe and S Medofski®^ have published work 
on the sulphonation of fixed oils, with special reference^to the textile 
and leather industries This paper contains an account of the discovery 
and constitution of the “ Turkey red oils,” together with details of the 
experimental work earned out by the authors to determine the constants 
of the fatty acids resultmg from the saponification of the sulphonated 
g^ls Data are given of sesame, cotton-seed, and olive oils, which 
appear to show that the most easily sulphonated oils are those contam- 
ing oiem or oleic acid, and that the products of the reaction after 
saponification contain lactones and hydroxy-acids. The tables given 
are too extensive to be quoted here. The whole paper is a very valuable 
contnbution to the constitution of sulphonated oils. 

E Kobert and W. GreueP* state that indications of the strength 
and action of commercial Turkey-red oils (“ Solvines ”) can be obtained 
from experiments with blood corpuscles On the results of their work 
they propose a method for the biological valuation of these oils ; among 
other things it is suggested that sapomns could be used as substitutes 
for Turkey-red oil in the tanmng industry. 

0 . Eohm®* patents the use of castor oil sulphonated just sufficiently 
to remain soluble after neutrahzation 


Soe Dyen and CoZ, 1918,84, 23, J,, 1918, 157a. 
36 Coll, 1916, 261, 7,1917, 91. 

Eng Pat 103668, 7, 1917, 1141 
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T Sandland®^ patents a composition for fimshing and dressing 
leatlier for furniture It consists of three par^ of each hard drnng 
elastic Tarnish, methylated spirit, and petroleum, one part of boiled 
linseed oil, and six parts of benzine or benzol Pigments may be added 
as desired The composition may also be used for the renovation of 
old and worn leathers 

Waste poduds — ^America still leads the way in the study of the 
economical disposal of tannery wastes and sewage D D Jackson 
and A M BuswelP® investigated the subject from the point of view of 
prevention of anthrax infection of cattle due to the presence of anthrax 
bacilli in the tannery effluent In the course of their investigations 
they obtained valuable information on the value of various disinfectants, 
sulphur dioxide, calcium hypochlorite, and chlorine In a discussion 
on the above paper it was stated that 60 parts of chlorine per 1,000,000 
killed anthrax spores suspended m the general effluent of the tannery 
L^uid chlorine was found to he much more efficient than bleaching 
powder The amount of chlorine used was sufficient to combine with 
all the organic matters, so that no free chlorine was found in the effluent 
H B. Hommon'^ gives details of sewage disposal plants at a tannery of 
sole leather in Virginia, and at a harness leather tannery at Cmcmnati, 
Ohio, and also particulars as to the disposal of the sludge The 
following tables given in the paper are of general interest •— 


Analyses of the Eaw and Tbeated Wastes at the Tannery of 
THE Deford Leather Company”, Lueay, Va, 


iSouree 

Susp 

Sohds 

Organic 
and free 
Amittoma 

Nitntes 

Nitrates 

Oxygen 
consumed 
30' at 96°C 

Beam house 

Hair wash 

Spent tan hipuoi 
Composite 

Effluent set tank 
Effluent cinder filter 
Effluent sand filter 

8"j0 

900 

1,100 

1,200 

450 

160 

30 

70 

55 

30 

25 

0 29 

0 17 

6 0 

23 0 

600 

200 

13,000 

900 

530 

205 

55 


27 Eng Pat 17702, 1915 , / , 1917, 93 
J.ALC A, 1917, 56, 229 , 1917, 895, 931 

J A I/Q A, 1917, 307 , 1917, 931 
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Analyses op Raw and Treated Wastes at tee Haefner Bros, 


Tannery, Cincinnati, Ohio 


1 

I Source 

Susp 

Solids 

Oiganic 
and fr^e 
Ammonia 

Nmogen as 

Nitrites 

Nilrati. 

! O.VYgOll 
; conbuined 
. 30' at 

i OO"' C 

1 

i 

Beam house 

1,450 

iOO 

_ 


j 800 

Spent tan I’quoi 

900 

60 

— 


; 3,900 

Composite 

1,430 

100 

— 

— 

, i,000 

Effluent sot tank 

380 

75 

— 

— 

700 

Effluent cinder filter 

120 

30 

— 

— 

' 300 

Effluent sand filter 

15 

13 

0 4 

10 

1 85 

1 


Table Showing the Number op Gallons op Waste Discharged 
Per Day and Per Hide prom the Dipperent Sources at the 
Two Tanneries. , 


Type of Waste 

Deford Leather Co , 
Luray, Va. 

& finer Bit s , 
Cincinnati, Ohio 

Grdlcns 

Gsllons 

Per Day 

Per Hide 

Per Day. 

Per Hide. 

Beam house 

65,500 

240 

52,700 

316 

Hair wash 

23,500 

85 

Do not wl ish hair 

Spent tan 

14,000 

51 

2,800 

17 

Total 

103,000 

376 

55,500 



E Ardein'*® gives an account of experiments made for the Rivers 
Committee of the Manchester Corporation on the activated sludge 
process of sewage punfieation, in wbch he shows that, contrary to the 
opinion formed as the result of earlier experiments when working with 
a strong sludge sewage, the maintenance of the activity of the sludge 
IS not dependent on the stage to which nitrification is earned. It 
would appear that the cost of dewatering and drying the sludge will be 
more tharT repaid by the value of the resultant dry sludge. 


/ , 1917, 65. See lepot t, 1916, 237. 
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A ilarvey^i gives a concise account oi tiie v^ethods u-^e i lo: :Ke 
analysis of tannery wastes for use as maniores at the Sr^utli Eastern 
Agricultural College, %e 

A further paper on the treatment of tannery h - € L. ?eeh^= 
gives a summary of results obtained in May, 1917, hy th-* Derr >.ie:hocl 
of sedimentation 

M. C Lamb^® has brought together various proposal' ml m-'ti.ods 
for the utilisation of condemned army boots One m lLc uroriO'sals 
IS to cut the leather into small pieces, which ar.' thm LJScd with 
aspnalt, bitumen,^ and limestone, and used for layino the suface ol. 
roads (patent by S Brough of Handsworth, 1910) Sdch a road is 
more resilient and noiseless than the ordinary macada*.. roa"' The 
Roads Board are now interesting themselves in the a^d :t is 

probable that the process will he introduced into nract”- rrem a 
cheimoal point of view, diy distillation of tjie Rather j: 
interest, and pronuses good commercial results The f oilmmi' i uic hi c is 

were obtained from the dry distillation of one ton of eoncRmn ci booiis 
(500 pairs), pnees based on market values October, 1917 : 5601b, 
purified charcoal, value £10 ; 515 lb ammomum sulphate value 
£4 2s 9d , 67 lb. of grease, value £1 10s ; and 425 lb metal, value 
19s., a total of £16 11s 9d , which should leave a good margin of profit. 
Several other methods of utihsing old boots are given m Lamb * paper. 

Machnery — Owing to control of aU engineeimg works bv the 
Ministry of Munitions, it has been extremely difficult for engmejis to ' 
turn out new machinery, or to keep the trade supphed witii its normal 
requirements The Committee on “ Trade after the War,"’ of which 
Sir Henry Ledgard is chairman, have met the trade engmeers, and are 
endeavouring to work out; a scheme so that they may be able to produce 
all the machinery required for the leather trade in this country It 
seems probable that this can be done by the firms producing tanners' 
machinery comhimng instead of competing amongst themselves. 

Analytical Methods and Chemistry. 

There has been no stnbng advance in the chemistry of tanmns, 
or in new analytical methods, since the last report was wxitfen, but a 
good deal of steady, useful work has been done on present methods. 

H. McCandhsh and J. A. WiIson‘* reply to the criticisms of H 6, 
Bennett on their method for the determination of alkaline sulphides 

CoU (London), 1916, 151 JALCA, ffil7, 122 

/, 1917, 986 

JALC A, 11, Dec , 1916, Coll (London), 1917, 10 j J, 1917, 93. 
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in lime liqiioi’ii Tlie problem ot detcrminuig accurately tlu- amount 
of suipliide m lime liq>mrs lias never been solved to the satisfaction of 
all concerned 

Bennett’" continues the discussion on McCandlicdi and Wilsoii,- 
nietbod (see Ann. Bep , 1916, 1, 229). He poipis out tliat tiie hironner 
tlie limes are m sulplude, tlfe weaker they are in lime, lienci' in suck 
liquors the tendency of hydrogen sulphide to escape is great m 

For very small quantities of sulphides, the method ot \\ A Drasliel 
and E M. ElstoiF® is suitable. This is a colornnetrie method based 
on the hberation of hydrogen sulphide, which is absorbed by lead 
acetate paper. 

Levi and Orthmanu” estimate the total sulphur in leather bv 
precipitating as barium sulphate after the organic limitin' lias been 
destroyed by boiling the leather tvith a mixture cuiisisting of putiassiuiu 
bichromate 50 grms , water 150 c c , and concentrated hydiiichlorm 
acid 50 c c. 

H G Bennett*® gives details of methods employed by him for the 
analysis of limed pelt In deterniinmg the total alkalinity, tin* 
hj^dioxidcs and snlphydrates of calcium and sodium^ ammonia and 
organic bases, arc extracted from the pelt hy means of a 3)';, solution 
of boric acid, and are then titrated with standard acid, using nudliyl 
orange, which is unaficcted by the boric acid and liy liydri>gen sulphide. 
Details of the mode of estimation of ammonia, sulpbde, soda, 

...hide substance, and salt are given, for which the onginal paper must be. 
consulted 

H. G Bennett*® has determined the amounts of nitrogen in keratin 
from various sources No diEerence was found between the keratm 
from ox-hide of various colours, or of the two sexes, or at difierent 
seasons of the year The mean percentage of nitrogen w<is 16*3/' 
Keratin from dog hair (white fox-torrici) contained 17 *2^ N , that 
from goat hair 16*7/^ N; from human hair, woman 16*1)^ N, man 
lG'47o finger nails lG-4% N 

The^ American Leather Chemists’ Association®® have published 
their revised official methods for the analysis of vegetable materials 
containing tannin. 

In a very useful review of developments in the analysis of tanning 

’*> Arne, J Set , 1010, 42, l5o, 1016, 03,*) 

A L.G A,, 1916, 11, 4P6 , J , 1016, 1071 
•> Coll (London), 1916, 12o , 7 , 1016, 6-15 
OoU (London), 1917, 101 
7.4X^.1,1916,11,546-370 
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materials, H G Bemiett^^ discusses tke official method of tannm analysis 
from the point of view of an adsorption phenome^ion, detaimisation with 
hide powder, being a case of surface action, and Object to the ordinary 
adsorption law. 

As a result of the discussion it is concluded that the hide powder 
process would be greatly improved m both concordance and accuracy 
by the adoption of the following modifications Detanni&ation of 
infusions of only half the strength now nsed, %e,ol solutions containing 
0 2% of tannin approximately instead of 04% Ncutraiisation of 
all acidity of hide powder before chroming, and the employment of 
tlie more basic salt Cr. 2 Cl 2 (OH )4 for chroming purposes, thus obtaining, 
a constant acidity of the hide powder, mainly due to non-swelhng 
acids The standardisation of hide powders by the determination of 
relative specific surface, and the employment of a constant active 
surface in each analysis The use of 5 grms of hide powder of the type 
now in use instead of 6 5 gnus In general, to use chat quantity of 
hide powder, which is approximately 10% greater than the nimimum 
amount necessary to detannise a 0 45% solution of gallotannic acid 
As a further result of the discussion, Bennett considers there is 
little hope of changing the adsorbent, since substances which have been 
proposed as a substitute, such as oxides of copper, alumimum, lead, 
and nickel, detannise by adsorption rather than by chemical action, 
so that the errors are much the same as with hide powder 

The testing of hide powder is dealt with in the report of the Hide 
Powder Committee 

The question of the eficct of hard waters on the tanmng process 
has recently received renewed attention in America. It is well known 
that ill laboratory extractions of tanmng materials with hard water 
a sensible loss of tannin occurs. The subject was exhaustively treated 
by Kihoul and his collaborators in several important papers, and 
his results have recently been confirmed by E Schell, who finds 
that the carbonates in the water are the chief cause of the loss A 
committee of the AL C A. have now issued their report, == giving the 
result of a series of comparative extractions with distilled water and 
with various hard waters, in wbch the conditions were designed so 
as to be approximately analogous to those prevailing in tannery 

Coll (London), 1917, 52, 84 
Coll (London), 1916, 155 

S3 Ml Assoc Mge Chm , 1903, 17, [10] , 1904, 18, 185, 220 , sec 
J, 1901,1005, 1904,122,1155 
S'* La Halle aux Cutrs, Ang 1917 , J , 1917, 1243 
« J J i CA , 1917, 360 , 1917, 1056 
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practice. The general consensus of opinion by the indivnlual ninubcrs 
of the committee as to the conclusions to be drawn from the tabulated 
results, indicates a soiious doubt as to any destruction of taniiin by 
hard water as used m practice. It was shown, however, that salt 
had a detrimental efiect m the leaching, and that total solids have 
more efiect than temporary hardness. This nuav well be, since at the 
temperatures used tlie carbon dioxide in the water will be given off 
and the carbonates precipitated The colour of the infusions from 
the hard water was darker than from the distilled water, and colour 
tests on sheep skin were redder with hard water than wiili distilled 
water. In the discussion which followed the reading of tiie ri'port 
Mr. Smart said that in a certain tannery it was found that 20; more 
bark was necebsary to tan a given quantity’ of bides when tin' leaching 
was done with hard water than when soft river wat.er was used. It 
would appear from this that there arc still some unknown factors in 
the problem, which probably differ in each tannery 

The important question of the determination of free biilpliurie 
acid m leather has received attention in America by a committee of 
the A L 0 A.,*' the members of which earned out a scries of comparative 
trials with the Wuensch and Procter-Searle methods The results 
indicate that the Wuensch method is unreliable and fails completelv 
m the presence of magnesium sulphate, which has no effect on the 
Procter-Seaile method : the latter, however, does not give reliable 
results in the presence of iron, aluminium, ammonium, and chromium 
.salts 

A quick and reliable method for the detection of neradul in leather 
is needed. Unfortunately both neradol and sulphite cellulose give a 
precipitate with the aniline test (Pocket Book, p. 5C). Most of the 
reactions which have been proposed for the detection of neradol in 
leather either are not sufficiently sensitive or arc interfered with by 
the presence of other tanning materials. B. Seel and A Sander^" 
give the following method 

20 grms. of the leather cut into small pieces is boiled vith 200 e c, 
of water for 15/30 minutes. 100 c c of the hot filtered solution is 
treated with a mixture of equal parts of 40% formaldehyde, concen- 
trated hvdrochlorio acid and water,®* and boiled for 30 minuics under 

“ Afi^,19l7,Oct. 10 
JAL C.A , 1917, m 

Z, angew Chm , 191f>, 6, :52o, m , J, 1916, 102H 
ShttRnyJ, 3906,275 
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a reflux condenser. After cooling, the solution is filtered and con- 
centrated and tested as follows *— 

(а) Hydroxyazo reaction. 5 c.c. of the concentrated solution is ' 
treated with' excess of alhali, cooled with ice, mixed with 
about half its volume of alcohol, and three or four drops of 
a solution oh diazotised ^-anunophenoi added. A blue 
coloration indicates the presence of neradol D. 

(б) liidophonol reaction. 5 c.c. of the above concentrated aqueous 
extract of the leather is treated with a drop of solution of 
'he hydrochloride of dimethyl-p-phenyienediamine (obtained 
by reduction of methyl orange). The mixture is made^ 
rikaline with caustic soda, and treated with one or two 
Irops of a 5% solution of potassium femcyanide. A blue 
coloration indicates the presence of neradol D 

For the detection and difieientiation of vegetable and synthetic 
tannins, see also Laufmann (Chem Zeit , 1917, 41, 273 ; J , 1917, 513) 

Physteal cJmmstnj —Quite a number of important contributions 
have been made to this division during the past year, the true bearing 
(if which on practical tanning is not yet clear; there is, however, no 
possible doubt that such work will in the future enable us to make 
progress far greater and with more safety than in the past. Procter 
and his pupils have recently shown that much which has been 
attributed to the surface-action implied in the name “capillary 
chonustiy” is really subject to more general laws, and can be fully ^ 
explained by mass action, electro-chemical attraction, and osmotic 
])ressiire 

H. E. Procter has given a general review of the colloid chemistry 
of tanning in the recently issued Kepoit of the British Association. 
The review is accompanied by a complete bibliography, which will 
prove of the greatest nse to all chemists, not alone those engaged in 
tannery practice. The review is a concise account of our knowledge 
of the tanning process up to date, and should be read and studied 
in its entirety. Pull use of it is made here. 

The researches on the swelhng of gelatin have been earned on 
by Procter®^ for a number of years, and have led to very important 
results, which are applicable not only to the processes of tannmg, hut 
also to general physiological processes taking place in the living body. 

"Colloid Chemiatry of Tanmog” Bnt Asm Mrst BepH on Colloid 
Chemistry and Its Industrial ApplwalmSf 19X7, p 5 

ei Chem Soe, Trans., 1914, 105, 313 , 1914, 326. 
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Piocter and Wilson (see list of papers 1, 1, 5, and 0 , iu ]ion, 
1916, 230), 111 their lyork on the eqiiilihiiiini of ddnle iivoiui hlca’ic 
^ acid and gelatin, have deiived quantitative equation''- winch explain 
the swelling and contiactmg actions oi eloctrotj’tes on Ktlloid jtdlus, 
as well as the various eSects of adding electrolytes to hoh Tlu' 
derived fonnulce apply to the whole colloid'' state, and theieioie in 
themselves offer a quantitative explanation oi the ireciiuiiMii (h 
tanning 

Vegetable tannage appears to he of a more colloidal oi ]ihwMeal 
character than alum oi chrome tannage Taimiiis, liki* the pioleins. 
,,appear to iorni colloidal rathei than true ionic solution." and the 
particles aie negatively charged, passing to tlie anoile in (di'ctrujihoiosis 
Whether the charge is due to ionisation or to the fixation of a n cl'cdrol} 1 1 ' 
ion is immaterial for our purpose. The gelatinous fihies tak ' a posit iV(‘ 
charge m acid and a negative one m alkaline solutions , lienee in faintly 
acid solution, which produces the strongest positivi* chaige, thc\ 
attract and precipitate the tannin pai'ticles, while in alkahni' solution 
no tannage takes place, and in those too strongly aeid the lamiiii'- 
themselves are precipitated in fact, sucli colloid precipiiaiions, due 
to electric charges, do not seem to differ in principle from lomc leactions. 
though, owing to the varying size of the particles, and of their charges, 
they are less defimte and quantitative. Whether ultimatcdv any closi'r 
combination with the fibre ensues, as is suggested in the case of mineral 
tannages, remains for the present uncertain, but in long-continued 
tannage there is a further deposition of difficultly soluble matters on 
and between the fibres by forces generally called “ adsorption 

Proteins, among which gelatin must be included, are now knov n 
to consist of open or closed chains of amiuo-acids, in which the carboxyl 
group of one is linked to the ammo group of the next with ehiumation 
of the elements of water In closed chains, groups withm a single 
molecule having a teinunal ammo and carboxyl group, also give riht* 
to similarly umted ring structures. In this case the molecule is electri- 
cally neutral, and non-reactivc till the ring is broken, wlulo the open 
chains are amphoteric, basic by their terminal ammo group, and acid 
by their carboxyl, A very useful practical distinction is that ring 
proteins are unattacked by trypsin alone, while pepsin is able to open 
the ring 

Gelatin can be digested by trypsin, but collagen is onlv a{.taf‘ked 
by pepsin, hence the view, supported by other facts, that rullagim is 

' « Ch,R Soc Ttanx, 3916, 109, 1327, /, 1917, i)2 
63 Chem Soe Trarn.im, 109, 1329, 1917,92. 
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the ring or anhydride form of gelatin into which it is converted by 
continuous boiling or by the action of acids o^_al]^allS ^ 

Jhootei found that when gelatin is placed in a solution of hydro- 
chloric acid, the maximum swelling, which may reach an absorption 
of 50 c c of liquid for one gram of dry gelatin, occurs at an acid 
concentration under O’OOSiV', fiom which it rapidly fails in a curve of 
hyperbolic type as the concentration is increased, the equiiibrnim being 
completely reversible up to about 0*25 N, beyond wliich some secondary 
reaction probably a furilier breaking up of tlie proteid chain, begins 
to t.ake place. At tlie same time the total absorption of acid steadily 
increases witli concentration in a curve which may be closely represente*d 
by the ordinary adsorption formtiU a — Icxif wliere a is the total 
acid, X tlie concentration of the external solution, and h and p are 
constants, but which is really due to a complicated osmotic 
equilibrium 

Gelatin, being amplmtene, acts as a very weak alkali in presence 
of hydrochloric acid, and forms a gelatin chloride, which like most 
salts IS highly ionised (in fact to practically the same extent as hydro- 
chloric acid itself) The base, however, is very weak, its ionisation 
being of the same order as that of water, and consequently the salt is 
largely hydrolysed, and can only exist in the presence of free acid 
This gelatin base, gelatin chloride, and free hydrochloric acid are 
necessarily present in such a jelly in proportions determined by the 
concentration of the acid, and instead of a definite point of neutrality, 
such as is given by a strong base, there is only a curve approaching, but 
never reaching, complete neutralisation This is the explanation of the 
apparent indcfimteness of protein compounds, which has led many 
chemists to deny the existence of defimte protein salts By determining 
the hydrolysis curve and calculating the upper limit to which it tends, 
it is possible to calculate quite definite combining equivalents. Procter"* 
in this way, on the assumption that gelatin had a second valency 
negligible at low acid concentrations, found a combining weight of 839, 
whde Wilson,"'^ from the same experiments, but regarding the appaiont 
second valency as due to incipient decomposition or experimental 
error, found 768 It is not to be supposed, however, that these com- 
paratively low weights represent the real complexity of the probably 
polymerised molecule m aqueous solution, but merely the smallest 
molecular division chemically possible. 


« Ohm ffoc. Tram, 1914, 105, 320 , J., 1914, 826* 

Ki JA.LOA,m% 12, 108 

2a 
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J A Wilson Iris published some of the resnlis of Ins woik,”" wliicli 
'•^roughi about a diseiisRu 5 n on thcoiics of leather formation (i)) in which 
the cliemical and adsorption thcoii(>s wore (‘riticistnl from the pond of 
view of the praetR-.i! tanner More immih H (} , Ileniiett/’’ in 
an able ivvimv of the present state of the tls'orv of t.iniiing, gni'S 
reasons for piiinmp Ins laitk to the adsorptann tlnsny Ih' ealb 
attention to the influence of the ‘Ayotro])(' Senes on tlu' opeiation 
of tanning Encent investigations ba\e shown that the ph\sieal 
properties of water are affected liy dissolved substances in a ilefimte 
sequence For instance, values of the surface tension and visiaisitv are 
aSecied by salts with the same cation in the following ordt'r — 00 , > 
SO 4 ]> Cl > Br ^ NOi ]> 1. The cations liavt* a similar se(|uence of 
eSccts when salts of the same nmoii are chosen* Mg <| Li <( 

K<Na<Eb<0s 

In this connection E Stiasnv (‘omniiinicaii'd to the initei several 
years ago a useful table showing the influence of successive senes of 
anions and cations on the various processes involved in tanning Tin* 
table is here reproduced 111 the hope that it may contrihiiti' to the fuller 
understanding of tlie points to which Bennett®® has ci^led attention. 
The direction of tlie arrows nidicatcs the succession. 


Succeimn of Anwm 

CNS'-r-Br'-ClOZ-NO/ - (f -- ('oif.O/ ™ < iHdW - 
CiiEiO/" - por “ sor. increase. 

4— Swelling of gelatin (by salts) 

4— Solubility. 

•< — Melting point. 

— 4 Precipitation of -j- emulsion colloids. 

— Precipitation of -- emulsion colloids. 

— ^ Increase of speed of osti^r catalysis (by H ) by addition of 
salts 

■< — Increase of speed of estm* catalvsis (by OTP) by addition of 


Solubility of OO 3 , Ho, TT 28 , fSHsOH. CH.COOCoHf,, &e. 
(by salts) 

— Compressibihtv of salt solutions. 

- Viscosity of salt solutions. 


*'*' J Amp I Ck^m , 1010, 38, 1082 Rco also N<h 0 , (J, and 0 in ]iv| of 
papers, p 371 

J8LTG,im, 130, 100 

Procter r^marU mfcli regard to Bennett’s arguments, tlmt hw Bfcatemnjt fcljat 
colloidal precipitation is electrical and not chemical would be equally applicable to 
eyery lome action 
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Succession of Cations. 

M/ - Ca" - Ba" - Na' ~K' \ ^ 

Swelling and pliinipmg of Mcs 

■<; — Hair loosening .letion 

Wilson,"'-* in a note on adsorption, calls attention to tk fact tliat 
if the theory of colloid^ developed by Procter {v,s.) is correct, it must 
explain negative as well as positive adsorptions. He eonsiflers that 
it does this 

The following papers on physical chemistry in relation to lealher 
industries may he referred to : * 

(1) Theory of Vegetable Tanning H. R Procter and J A. Wilson 
Chem Soe Trans , 1916, 109 , 1327 , J , 1917, 92 

(2) The Equilibrium of Gelatine and Acid. R Wintgen Coll , 
1910, 301/2, Coll {Bond ), 1917, 43 (abstract) 

(3) Swelling of Hides in Presence of Hydrogen Ions. G Povarnin. 

J Russ. Phys Chem Soc., 1915, 47 , 2004, Coll (Bond), 
1917, 45. 

(4) Thcor]^ of Colloids. J A. Wilson JA.LCA, 1917, 122, 
Coll. (Bond.), 1917, 97. 

(5) Note on Adsorption. J. A. Wilson. JA.BCA., 1917, 120, 
Coll (Bond.), 1917, 100. 

(0) Theories of Bcather Chemistry. J. A Wilson. J.ABCA., 
1917, 108, Coll. (Bond.), 1917, 105. • 

(7) A Theory of Vegetable Tannin Colloids : their Constitution 
and Mode of Action. W. Holier Ledertech. Riind, 1915, 
J., 1917, 225. 

(8) The Sol and Gel Condition of Gelatin Solutions. L. Arisz 
Koll Chem. Beihefte, 7, 1915, Heft 1/3, 1/90, full abstract 
by Professor H. R. Procter, in J.S B T C., 1917, 45. 

(9) Discussion on Theories of Beather Formation d A B.C A., 
1917, 450. 

(10) Action of Neutral Salts upon Chrome Biquors. J A* Wilson 
and E. J Kern JA.B.C.A., 1917, 445, J., 1917, 1140. 

(11) Osmotic Pressure of Gelatin. W. Bilz, G. Bugge and 
B. Mehler. Z. phys Chem , 1916, 91 , 705-712, J , 1917, 297. 
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JA LCA, m7 , 126 
7 ** J Amer Chem Soc,im, 38, 1982 
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(13) Hydrataiioii and DisHoliition of Oelaiin H 
Koll Z('ii, lOjT), 17 , 1 7, J, 10H», 2(i") 

(14) The Adsoiptioii ul diiToiiK' Oxido h\ Ih(K‘ Pcwdci A W 
Davison -) A 1 j 0 A , ] id 7, 2’)8 

American leather chemists Inw* now, in '(onjundion with llie 
U,S. Tanners’ Association, founded a research kilioralorv ul then own 
The laboratorv is in the Prutt Institute, New Yoik, and tin' iii.st 
director is Mr Jesse Brii<gs (Hiiirclull 

Articles oi special interest to tiinnerh, in wdueh ilu' lehitiuiis 
<f{ the chemist to works aiv' discussed from a practical slaudiioint, 
are “ Chemistry and its delation i.u Tanninu.” bv (t T Laeinmlc/’ and 
“Chemical Control in the Tannerv,” bv J (1 ('^^ea^es It is jaunted 
out, rightly, that in connection with the ]nirchasin« of materials alone 
every tannery could afford its own laboratorv Ri‘mo\ i ng t he persona 1 
element out of the purchasing also removes n lot of doubt and sa\('s 
a lot of selling expense Some firms use bigb-prit'ed ('Iisscn of mat ei i.ds 
in certain processes wlierc cheaper ones w'onld do as well 

Clue Mixufacturk 

The enormous advance in ai'ronauties has hnnight with it an 
increased demand for the best glues, whicli aie required for joining 
together the laminic of aeroplane propellers P A Houseman’® 
•gives an empirical method for testing the quality of the glw' used for 
this work, Pieces of straight-grained walnut wood, each 9 in by 2 in. 
by I m., are dried at 36” C. for 24- hours, then roughened bv a tootliqilanc, 
and two of the pieces are glued together so that their ends ovt*rhi]) 
by 2 in , the area of the, glued surface is therefore 4 sq in The 
glue is prepared bv soaking the jiieces for about 18 hours in water, 
then heating the mixture to 60“ C and a])p]ylng it at tins tempeiaiurt* , 
usually, one part of glue to tivo parts by iveiglii. of water give.s a 
suitable concentration Tlie joint is clamped under moderate prossuiv 
lor 48 hours and tested after a fiirthci 24 hours, the tests, in diqdicatc, 
being made as follows Msf-The joint.s are pulled apart in 

a testing machine, and the breaking strain jier square inch of glued 
surface is recorded Heat te,9f-~The joints are heated at 45® (\ for 
two days and then pulled apart., and the breaking strain recorded. 

^ ’1 j.4J7(7j,ini7,i(;o 
Ihtd 1917, p 337 

73 J, hid, Eiig Chm , 1917, 9, 339; J , 1917, 313 
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iiiimmKDi li'sl -Till' joiiilK aiv coiiiploMv iiniiier«ed in watei at 
20'^ V lor 12 lioiiDs and thou pulled apart ' Results of from 450 t^ 
ovd- GOO lb per square incb ol glued surface arc found in the regular 
test , and abyut the same figures in the heat test, whilst the immersion 
test results art' sometimes lower, and sometimes higher than the 
regular test lesults The addition oh a small proportion (5^) of 
l)h('iK)l to the glue solution increases the strength of the joint , addition 
of aniuiouia does not affect the regidar test results hut raises the heat 
and iiunu'rsion test figures A Smss casein glue, of the type used on 
(h'lnicin aircraft, and consisting of about 60% of casein, 23% of 
iiuneral matter •(sodium salts, silica, lime and ahiimiia), and 1% &f 
j)('troleum, gaw a particularly high lesidt iii the immersion test 
F II ^Stl'^’eus’*‘ patents the use of formaldehyde for watc'rproohng 
glue joints Th(' surfaces to be joined arc iiioistciicd with a solution 
of iormalin (25% ol 40% foriiialdchydc) and arc then covered with 
glue in the usual way. 

0 Rohnd^ patents the use of pancreatic or similar enzymes whicdi 
are eajiablc ol sjditting up or digesting albumin Instead of the 
preliminary (‘^itended tieatment with lime, followed by washing and 
neutralisation with liydrochlonc acid, the glue pieces arc treated for 
a f('w hours with the enzyme solution. After the pieces have been 
treat(‘d in tins way they arc boiled m the usual manner 

An attem))t to ascertain the chemical differences between fish 
gelatin and bone gelatin has been made by Y Okuda’® Fis^ 
gelatin derived from shark skin was hydrolysed with hydrochloric acid, 
baryta, and sulphuric aeid, and the products from each investigated 
The total nitrogen and its distribution was found to be the same for 
both sorts , but the fish gelatin gave rather more monoannno acid, 
ami much more glycocoll, alanine, leucine, phenylalanine, glutamic 
ami aspartic acids than the bone gelatin The proline and serine 
contents of the fish gelatin formed hy the ester method were low, 
probably the results of experimental enors The diamino acids were 
present in about equal quantities in the two gelatins 

In the manufacture of bone glue R Berliner,’^ Moscow, patents a 
process in which the bones are treated with sulphur dioxide , the fat 
is then extracted, and at the same time the sulphur dioxide is expelled, 
after which the glue is boiled out. 

7' Eng Pat J 06439, J, 1917, 728 

7^' Eng Pat 101181, 1917, 1141. • 

7" J Coll Afjnc Tohfo, 1916, 5, 355-303, J, 1917 
77 U S Pat. 1 176644, 1916 ; J , 1916, 551 
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The eheiuica] anahsi.s am! iinesligalion nl i,4mss lia.s heeii lU'tih'tftHl 
this country, excep^'for the work of Bideal a-iul Trotman. \h'rv 
useful inforuiation on the analysis of glue is givop hy the lath'r in Ins 
book '‘Leather Trades Chemistry” (Charles Griffim .Ic Co., Ltd, 
London, 1908), p 238, and by the former m “ Glue and Glue Testing ” 
(Scott Greenwood & ('o.. Lonilon, 1900), p. 107. Home of the larg(T 
glue works employ competent chemists, but very little of their worh 
is published. 
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• BUUAUS, BTAiiCIlES AW GUM,S. 

“ By T. H. P. Heeiot. 

Ln'IiiiV) oil ‘Stigtn Maniifw'ture at the Eoiicd Technical Collei/c, Gliiu/ow 

Part 1~SUGAES 
The Cane Sugar Industry, 

Aijtwidluie - A novel method of destroying weeds in the cane fielrls 
developed by EckarP, is based on the fact that the young cane-shoots 
can pierce an overlying covenng of thick paper or sinuiar material. 
Weeds fad to penetrate, and therefore vithcr and die The paper 
covering also acts as a nmlch in conserving sod moisture, and can be 
transported from field to held. The paper may be mipregnated with 
tar in older to absorb the sun’s heat, causing the temperature of the 
covered sod to be from 31° to 6° higher than that of the adjoining un- 
covered sod *This elevation of temperatuic stimulates nitrification 
and a.ssists the vigorous growth of the cane-shoot. 

Manvjactwe.—Dmn^ recent years, the extraction of cane juice 
by milling has been increased by about 3% in certain Hawaiian factories, 
an extraction of 98/J of sucrose present in the cane being obtained 
at the Ewa factory This excellent result is due to two mechanic^ 
improvements, namely, the Messchaert system of grooving the mdl- 
rollers, and the Bearby shredder, which prepares the cane for the 
milling operation The Messchaert grooving provides a free outlet 
for the extracted jiuce at the point of maximum compression of the 
cane-fibre between any pair of rollers, the juice flowing inside the 
grooves, and therefore out of contact with the compressed blanket oi 
libie passing between the rollers The grooving was first applied to 
the front, or “ feed-roller,” but has also been applied with success to 
the back, or “ discharge roller ” 

The Searby shredder consists of a horizontal shaft diivcn at a high 
speed, and carrying beaters or hammers, which drive the entering cane 
against a series of horizontal rigid bars lymg just beyond the circuit 
made by the revolving beaters The sharp edges oi these bars tear 
the cane into thi'eads, but without extracting any juice The shredded 
material then gravitates to the mill where the juice is extracted 

t 

' Intent, iSugurJ 1917, ^55-457 
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The capacity oi output of eaiic imlLs liab been increaseil hv another 
type of grooved roller, designed to grip the enti'iiiig feed of iihie, thus 
’ Eliminating slip ” In rlie Hmd-Renton patent 1 he sides of tin' gi oo\ es 
form an angle of 30°-35°,and nieslnvith smiiLu giwnesAii tluMcljaceni 
or co-aetmg roller. The fibre under heatnient is thus wedged into 
the grooves on one roller by tfie eorresponding ndges on the co-actiiig 
roller. As this gripping action is independent of the text me of the 
roller surface, the rolleis may be made of steel Other ln^ eiitors liave 
attempted to combine this type of grooving with tlu' llesscihu'rt jiiice- 
grooves, thus securing increased capacity and <‘xti.ictioii 
♦A method of measuring null efficiency, based on the (oni])osition of 
the crushed cano or “bagasse,” was proposed b\ Lelv in 1911 As 
this value depends very largely on the quantit\ of imu’eration watei 
applied during miUmg, he lias now introduced a “ imui'rsal ligme for 
mill performance,’’® in which the amount of suciosi’ lost m milling is 
multiplied by a factor representing the excess of maceration water 
applied over the standard quantity used in Java 
In the Hinton-Naiidet process of extracting the juice, the (Miies ai(' 
first crushed m a mill, and the resulting juice (alter limmg and lieatiiig) 
IS filtered through the bagasse in a diftusioii battery, after which the 
juice IS washed out of the bagasse liv watei in the same manner as in 
the diffusion of sliced cane or beet. This process was first applied to t lu' 
cane in Madeira, where it is still employed It w as also tested on a huge] 

scale m Trimdad, Porto Eico, and CMba, but with less satisfuetoi'v results. 
''Recent improvements* of this process include— («) Forced circula- 
tion of the juice under constant volume and at a high temperature 
(110° C ) ; (6) Meichage at a lower temperaturo (80° C.) , and (c) 
Juice drawn off into the measuring tank at any suitable tmiiperatuie 
The following improvements relate to the chemical treatment of 
the extracted juice ~ 

Fribourg® proposes a mixture of beselguhr and dicalciuin pIios{)!iatc 
(2 1} added in the proportion of 3 to 5 kilos per 1000 Iitn'b of jmee 
after the usual liming and sulphitation, peimittiiig tJie wlioh' oi the 
juioe to be filter-pressed, instead oi the usual subsidatimi and filler- 
pressing of sediment The filtering surface icquircd is DO sij m [lei' 
100 tons of cane treated. 

A new clarifying agent— phospho-geloso— patented by (hieru'ro, 

* lug. lat 4372 (1915). 

* Intern. Su^arJ, 1916, 18, 3S3. 

* Fr. Pat 466590 (1913), Eng. Pafc. 5650 (1914), J, 1916, 321. 

® IBitH Amc Ohm, Suo , 1916,83, 227-255 , J, 1917, 152 
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ooiiMhts iipinoxiHwleh' (»i 70 , i)iiOKj)bies of lime (uhiefly diualcmm 
pli 06 >j)Iiat.e) and 30 , kmsclgulu mid other piOducts Investigations 
by ih'iboiirg^ gave the following results —Filtration of the whole of^ 
the tieaied jiuci* was piaoticable The weight of diy filter cake 
obtained per 1000 litres sif jiino was from 11 to 12 5 lidos as compared 
with about 6 to 8 kilos tjy the oidiiury treatment with lime and sulphur 
dioxide. All the phosphoiie acid added, togethei with that ]iiesent 
111 the original juice is recovered in the filter-press cake, which, there- 
fore, represents a valuable niauure, including nitrogenous matter. 

Adams,’ of Haw.ui, has conducted factory experiments to ascertain 
tlie possible ad\<mtages ol tieatmg separately, the rich juice extracted* 
by the first null, and the dduto juicc extracted by saturation and re- 
el ushuig ill tile following nulls 

The tniu' nMjuired fur sub.snhiiion was reduced, also that of 
boding in the \mouuiu pan The dilute juice contained less reducing 
sugar, but 15 more ash, and 79 more gum than the rich juice 
extracted by the first mill, wlien calculated to the same degree Brix. 
Special chemic.il keatuieni might be adopted to icinove these impuii- 
tics from the dily,te ] nice. Lime and phosphoric acid gave good results. 

Thus mode of w’orking has been further elaborated by Truscott.® 
The purer juice, extracted by the first mill and crusher, is limed separ- 
ately from the moie impure and dilute juices extracted by the following 
mills, the quantity of lime being adjusted to secure the maximiun 
pimficatioii of each juice The later jmces are allowed to subside 
after limmg and heating, and the clarified liqmd is then mixed with the* 
richer anti jnirer first mill juice before the latter is heated and subsided. 
The mixed juice is tlien treated in the usual manner 

Deschamps'-* has designed a process for manufacturing sodium 
hydrosulphitt' ui the raw sugar factory or refinery Zinc hydrosulphite 
is first jirejiarcd from zinc and sulphur dioxide and then treated with 
caustic soda. The mam feature of this process is the production of 
sulphur dioxide gas entirely free from oxygen, by means of a special 
sulphur-fiu'iiaee The necessary plant is not costly. 

The carbonatation process for the manufacture of white sugar direct 
from the cane is used in Java, and a few other countries where suitable 
limestone is obtained locally. Weinrich^® has modified this process 

Bull Amc (Jhm, Bhcj’ , 33, 24fi-25o. 

' Mm 118-119 

tJ.8 Pat. 1177832 (I916j, /, 1918,647. 

* Intern. J,, 1916, X8, 182. ' 

»» US. Pat, 1084771 (19U); Mm BugarJ, 1917,450, J., 1914, 211, 1917 
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by adding the lime in the Joiui ol dry powder to a tliiek magma, ol 
low grade sugars and ^aw juiee The drv eanstie lime aeis mote 
energetically on the eolouniig matter and impiinties than does milk 
ol lime, and, by working at lowei temperatures, the dt'structmn of 
glucose IS avoided. Alter liming, the magma is dissoh ed in suffi( lent 
raw cane juice, and carbonati'd in the usual iiiaiiner About 8() ot 
the colour and 50^, of the total impuiities can be removed. A n mt ort^st- 
mg leatnre of the process is the possibility ol the raw sugar laet(»i}' 
working as a refinery betwiMui th(‘ usual gnmluig se.Lsons. converting 
its own raw sugar (or puicliased law sugar) into white granulated sugai . 
fvitliout requiring additional plant 

Attempts have been made to siibstitaite centrifugal sejiaratiun liu 
filtration in clarifying the jiuce aftci chemical treat, nimii., the lollowmg 
advantages being claimed (n) As the separated solid matters (mu m) 
do not retard the escape of clear juice, the si'paialion tak«‘s jilaie at 
a uniform speed, {h) There bemg no filtering medium, tlu‘ ivoiking 
expenses arc small , (c) Less labour is required to operate a battery 
of centiifugals than an equivalent number of filter-jui“,sses Lxjienments 
in this direction were fiist made ]>y C. Matthev m a Jlus.spi.n beet fai't on 
Henot’s juKc-centrifugal jiatentedm i897, has been lolloucd bv ulmut 
ten diftercnt patents, of which the Kopke separ.itor is piobubl) tlie 
best known. 

IveiT “ has studied vauous types of multiple-eftert eiapmatois with 
the following results, cxinessod as pounds of water evajwnited piu 
square foot of beating surface per hour, assuming steam ]>re.s,suje ol 
5 lb per sq. in. in first body, and a vacuum of 26 inches in last body. 

A Vertical submerged tubes (standard typo), double effect,, KV 7 11). , 
triple, 9 21b , quadruple, 6*18 lb 

IJ. IforiEontal steam tubes, triple effect, 1M9 lb.; quadruple, 
4. '55 lb 

(!. Horizontal lilni evaporator, (ju.uiiuple effect. 11 (I5 lb. 

D. Vertical film evapoiator, tiijile, effect, 9*21 lb., ([uadiuplc, 
10 05 lb. 

B. Standard t}pe (A) with special baffle steam distributor working 
under vacuum, triple effect, 16 93 Ib 

F. Same as (E) but working under pressuie, doubh' effect, 17 40 lb. 

G. Vertical double steam tubes, quadiuple effect, 9 67 lb. 

From Kerr’s experimenth in Louisiana and Foito Kico, the uierage 
coefficient of heat transmission in vacuum pans, when boiling unmixed 

” Met, iml Ckm , !<.HG, 14, <i0:{ 60S. J, JUiO, ffttl. 

Intern. Bvgar J, 1916, 24; Itll6, IIK) 
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strikes, \\as 110. With pans having short coils, the lugher values— 
121 3, 131 5, and 174 8 were obtained Excluding these three, the^ 
a\ eiage for eoil }>ans was 95 Calaiidiia (Express) pans gave values 
about 40 J higlwr than for coils 

Naudet’s eva]>or<itor with ‘‘ juice circulator ” (see p 384) has been 
U'sted in a (hiban oano sugar factory, gwing an increase ol 10*1;^ m 
evaporating power 

A new pinuiple is adopted m the Soderlund and Boberg systems^* 
of “ euiporation bv thormo-compression ” The vapour evolved from 
the lioilnig liquid in a single vessel is heated hy compression and returned 
to the heating surface of this vessel, thus causing additional evaporation* 
As th(‘ (loniprossoT opei'at(‘s contmuonsly, the vapour evolved by the 
boiling liquid continues to supply the necessaiy heat, and is condensed 
on the exteiior surl.ice of the heating tubes 
in the iiiaiuifacture oi finely powdered sugar, Shaw and Baker 
pass s)Tup through a steani-hoatcd spiral until it attains a tcmpeiature 
of 270° E It then enteis a horizontal Stirling apparatus, where it is 
cristalhscd bv diluting with 10 to 40,^ syrup at 120° E, forming a 
finely grained dp- mass. By vaiyiiig the temperature and amount of 
cooling syrup, tlic size of the crystals may be regulated 
Williams,^” of Hawaii, claims to have demonstrated that the sucrose 
present m waste molasses can lie recovered by merely evaporating the 
water prt'sent, thus proving that water is the only factor which prevents 
the sucrose from crystallising After concentrating molasses to 99 Bxix, 
and thmi slightly diliitiug with water, the crystallised material is treatecl 
in a Ingh-spei'd centrifugal with imperforate drum, and thereby separated 
into two layers. The outer layer (nearest the drum) contains the major 
portion of the sucrose crystals and a minor portion oi impuiities. The 
interior zomv or belt, contains a minor portion of the sucrose and a major 
portion of impurities The outer belt contains 45% of the sucrose 
originally jiresciit, and, by analysis, gives 50° polarization and 53 purity, 
it is dissolved in water to form a syrup, boiled in the vacuum pan, and 

crystallised m the usual manner. r,* i i, 

Tht' figures given bv Wilbams have been criticised by Oreetb^ 
who shorn that, althuiigb about i'L of the sugar contained m Hawauan 
waste molasses cm. be recovered by WiUianis’ process, snob entaetion 
is due to the tact that what is technically termed “ waste molasses 


Tmvi Entj t^u0 , Dec 29, 1916, J , 1917, 71 
I* Eiie Pafc'2H5J (1915), J , 1916, 432 
!•> Jnimi iSugarJ, 1917, 19, 90j J, 1917, 39H. 
Bkui, 1917, 159-161. 
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generally containH a small quiintitv ol ('i\s(allLsabL* mkiow', wliicli 
4 iiiglit liavc been reeoyered by the usual methods of o\aporiuion and 
coolmg. He considers the Williiinis pioeess eobth and luational, 
compcucd with the modem methods adopted m Java/aiid that ii fads 
to snpjiort the claims of its inventor. 

Bij-jnodmla —i-km molassV,s contains about 0 ash, ol wliieli frniu 
25 to 30 '' IS potash The lecoverv ol this potash leipim's a speiial 
type of Imiiaee^ and the heat evolved nnivbe utilised lor steam raising 
purposes in the sugar faetorv, thus supplementing tlu‘ m.im fiud— 
bagasse 

Tiicumaii moiasscs-asli contains Iroiu 15 to 50 Kdh cmri'sponding 
to 66 to 73 '' KiCO,! Cross and H.irris propose to pnrif} this ash h\ 
fractional crystallisation. They also iitdise \ masse (spent wash) from 
molasses as a somee of potash. The vinasse is pariialh eim(‘t'ntra,ti'il, 
ai'idilied with sulphiiiic. acid, then eva])orat('d to dr} ness, vielding a 
dry black powder suitable lor transport m bags or barrels, iiv eon- 
ccntration without sulphiinc acid a pastv hvgtoscopic siibstaiire results 

Molasses can be applied to the soil direct, ni after miving with othm 
materials 1 [erxka adds trom 30 1<> 50 ol its weight onground nimeral 
jdiosphati', and treats the mixture with suHieient siilpluinc acid to 
decom])(ise the jdiospliate and to coium't th(‘ potassimii earhonate 
111 the molasses to ,siil[)hat(‘ 

A substitute for petrol is manufaetured from ferment (‘d molasses in 
Natal, under the name Natalite,”’'’ which is a mixture ol alcohol and 
ether. Experiments made by the late Professor Y B. Lewes showed 
that the vapour pressures of alcohol alone at temperatures from 150 
to 100° F, arc below those of Pratt’s Perfection ’’ ])0trol spirit, w Inu’eas 
those of Natalite ” are. higher A motor-car engine could be st.n'ted 
with the greatexsi ea.se with' ‘ Natalite ’e\en at a lew iempi'rature 
With a speed ol J30O revolutions per mm 1 17 gallons ol ‘ Xatuhte ’’ 
gave the same lesult as 1 gallon of best pidml 

Breckb'r^® states that alcohol can be produced from black stiap 
molasses at a cost ol 10 ccut.s per juuof gallon, but it is estimated that 
the total raw material available, in H.BA and (Juba would [inuluce, 
only 162 million gallons of alcohol, or 5/^' of the total rcHiuiiTiucrits 
for motor fuel. During 1915, the demand for cheap alcohol h^r the 
manufacture of smokeless powders has greatly increased the demand 

Bea Jui IJ Aline, de Tiwiiman, HHt5, 7, 0.>--I03 , Inimi AttiMr J , il)l7, 19, 
281-283 

Chm Tmde J f him 19, ItMo; J., 191 , j, 70-1 

J. Ind. But/ Vlwn , 1917, 9, 613; 1917, 903 
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for caiip nn)laRS(\s, rfiiHing ilie price ol tlie latter to 15 cents per 
gallon > 

Wlioro inol,)NS('s is noi ( O]ivort<'<l into aleoliol "bn tlic spot, it may htf 
cvapoiMtcil lo a solut tuatenal lor slupment abroad In 1913, over 
66,000 tons ol solnlilitHUnolasses were produced m Java, and in 1914, 
i>vor 96,000 tons, the mitjnit of sixty-tlirec factories 
A t 'iibaiH sugar factnrv is luaniitactiiriiig paper fromtlie crushed cane 
or h.igasM) ' leaving the mill The paper factory adjoins tlie sugar 
factorv, .ind enijilovs twent.v-five men, producing four tons of paper 
per dav 'riinn* kinds of \mpping pajier are produced, and new 
machinery is Inmig erected lor the manufacture of all grades 

The maun fact lire of wrapping papers has also been succe,ssfully 
carried out. ai. Tn'ston Sugar Mill, Cuba,-* duiing 1915 The output 
is Gonsiiined iocallv, and the manufacture of other grades of paper vill 
shortly Ih^ iinderlaken The bagasse is digested witb live steam and 
transferred to beaters, where it is mixed with bleaching powder 
Aft.er boating, it is thinned with water before enteiing tlie pajier 
machine. 

('aim uav is'i'xtraclod from filter*press cake by means of benzol in 
several factories m Natal The Uba variety of cane gives filter-cake 
contaimng from 14 t.o n/, wax The crude wax is dark in colour 
and riHjiures fmtlier purification, which is said to be costly. Clacber“ 
lias e,xtracted the \yax in a purer form by means of kerosene The 
crude, wax melts at 72 ‘n° to 76 tf C , and bleached wax at 71“ to 70“ O 
It IS a suitiabh' substitute for carniibia wax. 

Halanion^’ bleaclics tbis wax by melting it over water contaimng 
jiotassuim (ddorale and dilute, sulphuric acid, at a temperature of 
70° to 100° C , air being blown through the molten wax for several 

hours. 

Till? Beet Sugar Industry. 


Experiments were carried out m Ireland^' during 1912 
and 1913 to compare the yield of roots per acre and saccharin® richness 
Wt™ cviU.iviit«l in row on the flat (oontaental method) and on 
niouldod-m. drill rows The toner system gaw a ynehl ol only 14 to 
17 cwt higher, and a anctose content only 0 3 to 0 7,^ ig ei 


Jnlem HnaarJ, 18,252 
n J Jioi/ 8oe 1915, 64, 332, 1916, 39 

2- Tnt. S'liqar >T , 1916, • 

Rii? TPat 5066 (1915) , / , 1916, 609 

J. Depl Aifvk, ard Tech Tmt Irdmd, 1914, 14, 4/1-482. 
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latter system Tlie l)eet\\Tre orowii alon»si(lo oiatiuoMs, the relative 
yields being as follows — 

Beets (i»roSvS weight) IT loiih iliwt pi'i .uie 

lleets (faetorv weiglil) hi itm.s Id ewt } enure 

Mangolds 28 loiih 18 cvvf per aero 

Thus the factor} weight o’l sugar beet was onl} about half tliat of 
mangolds 

The average yield of washed roots m ^’orfolk and Hullolh'' is 12 
tons per acre, and the cost of growing, uielndiiig seed, manuie i ultiva- 
tion, rent and rates is £9 7s 8d jier aire The pnee of ruoth in 1914 
was 25s. per ton f.o.r A crop of 12 tons will thus gn’e tiu' farmer £15, 
and a profit of £5 I2s. Id ])er acre 

In Northumberland and Duihanr'' the viehl of washed roots was 
7‘5 tons per acre, and the average suerose content 15 20 The 
sucrose varied from 12 4 to Ki 8 

In a paper on ‘‘The vSugar Beet- -its (hilltvatum and Fnuineud 
Aspects,” by R.N. Dowling, published hv the “.lonrnal of tiie Farmers’ 
Club,” m 1915, some hundred fudd-trials, on all classes of soils, m the 
West of England, gave the following average results "Yield of toppt‘(l 
and washed roots ^-12 tons peraere; percentage of sugar in the wots- 
18'0; and purity of the juice -92 -d , In South Wales, the average 
yield of washed roots was 15 tons jier acre. 

The results of field-tiials in the Soutili-'West of Heotlaiul, iliirmg 1917. 
Jiave been published in a Eejiort by Prof R. A. BtM'ry, the averages 
being as follows YWeld of top])ed (unwashed) roots - 925 tons per aere ; 
yield of sugar m the roots ^--1 46 tons per aere ; percentage of sugar m 
the roots =15 *71 , and purity of the juice - 87 15 

The sugar beet can be profitably eultivated inwideh different parts 
of Canada.’” During JORl, the highest siierose emit ent was 17* 85 
and the lowest 13‘40' . At the evpeiiniental farms it aviTuged 17 , 
the juice having a pimtv of 90 ' . Tlu* seiul used was id t hree varieties, 
Vilmonn’s Improved A, Vilmorin's hn]iroved B, and Khun Wanzlebmu 

M Potvliet"® records some interesting particulars in a paper mi 
“ The Beet Sugar Industry m Canada.” The ineruge vield of roots 
per acre is 10 tons, but yields of 18 tons arf‘ nut umumimon Bidori* 
the war, the price of imported seed was about 810 per lOd Ih., but 
has now risen to |25 and Mgher. Home-grown seed is very F(‘iiref 

^ J. Board Asrio., 1915, SI, D<)9-9K7 
J, 1913. 929-931 

liep Dept, of Agrie Camda^ 1913, 242-245 
/, 19ie, -i43-444. 
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Tn Utali, U.S A , ox])orimenfcH liave been made to raise seed on a large 
scale, witii some success, and tlie Dominion *Bugar Company is also 
ex]ienmenting near Ileilin, Oiiiarj*) hi 1915, (Tinada produced about' 
;j5,000tonsof h'<>i sugai, and unpoited about 300 000 Ions, partly cane 
sugai fiom Cuba aiuHVi'sl, Indies andjiartlyraw ))cet sugar from Eiirojic 
C.inada should pioducg all the sugar sljc consunies Tlio Province 
of Ontario, v itli 285,000 sc^ miles, lias only three beet factories, whereas 
Holland, witli only 12,000 sq miles, has twenty-eight factories. The 
increased \ leld of other crops, grown m rotation with beet, m Colorado 
and (hiiiforma, were as follows —Wheat 24/, rye 1^% barley 25^/ 
oats 12 , p(‘as 86. , and potatoes 102/ • 

Tlie Canadian soil c-ontams 0'35/, of potash, or 14,000 Ih per acre- 
foot. Of this total, 150 lb is available. The available phosphoric 
acid IS 450 Ih ]ier acre- foot, and a beet crop of 12 tons per acre removes 
onlv 19 lb. The amount of available is mtrogen not so abundant, 
but IS made good by crop rotation 
Stoldasa s-‘' investigations on the growth of the sugar beet led to the 
following conclusions In an atmosphere free from carbon dioxide, 
jilants can produce proteins during sunshine, both in the presence and 
absence of potassium, when dextrose, Ifevulose, or sucrose is added 
as a source oi carbon This synthesis can also take place when no 
sugar IS added, if the plant contains sufficient reserve organic material 
In the absence of light, a similar synthesis of proteins can occur when 
the source of mtrogen is a nitrate and the source of carbon a carbo- 
hydrate, but only in the presence of a potassium salt The author* 
refers to other researches which indicate the part played by potassium 
m the assimilation of carbohydrates 
fixperirnents by Munerati, Memdroli, and Zapparoli^'* on the sugar 
content of single beets at different stages of growth, and the distribu- 
tion of tins sugar in tlie root, gave the following results —In all cases 
the smallest differences in sucrose distribution (rarely exceeding 0 5/) 
occur m the pulp, normal to the axis, m the upper third of the root, 
below the neck, ('hanges in the sugar content of beets during growth 
do not follow any definite rule. The analysis of a beet at any given 
time affords no criterion of its siigai content at some other period 
The loss in weiglit of roots when ])iled m the field has been determined 
])y Bhaw.'*^ Exjienments m Utah, with open piles of 1 to 3 cwt of 
topped roots, gave a loss of 4-7/ in twenty-four hours, at a mean tem- 

» modern Ze^fs, 1916, 73, 107; J, 1916, 700 ^ 

^ Staz SperifU Apr, 191."), 48, BOo-OS? , J , 1916, 373 
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peratiire of 43° F In Kuiisart, an a\ora>];e daily loss of (M8 was 
found during foin dais at ioniporatuivs hotwoon I'^and ti?’’ K Open 
"piles ()1 about o ewt/of loi)p(Ml roots sliow(‘d an .i\erai»i‘ daiU loss of 
2 9 in ii\o days, at a mean teniperaiuie ol IT" Similar piles, 

protected by a eovoring of beet tops, gnue nn luerago daily loss oi 
0*9', The loss of siicrosivappeais to be pia(*tieal]\ neirligtlile when 
stored under the alnne (onditums lor a tew' davs 
Maniifaetuir The Naiidet svstein ' of diihision willi iojeed eir- 
culationwas llrst ap]»lied in the beet sugar faetor\ wiili markei! siu lOss, 
and siibseipiently applied to the extraition of sugar from the cane (see 
f p 379) T’he forced ein ulalion during diifusioii nl bei't ensures a 
more uniform extraction of siuros(‘ from the slu‘ed Iasi, and a corre- 
sponding higher deaiRitw of the juiee drawn oO from e.i< ii ditfusei 
Naiidet” has also applied foieed nrinilation duiing e\aporation bv 
multiple eheet, without emploMiig pumps lor this purpose The 
jiiice-inlet to each vessel is plaied just above the upper tube-plate, 
and commimicates exiernallr with a jiiiee-uutiet at iln* bitttiHii of iMeh 
vessel, forming an external (inmit. The juue entering eaeh vessel 
(from the prei-eding vessel) pa,sses through an iuj<‘etpr [hueed in tiie 
external cireiiit, thendiy eaiising an ujovard current of juice thmem. 
and a corresponding downwanl uirrent over the heating .surface 
within the vessel Additional lieatmg surfaet' niav be secured by 
adfling a vertical tubular heater to each e\tt‘riur cirmit, belwo'en 
the injector and the juiee-inlet in eaidi vi'sseL 
Owsiamkow‘'‘ has introduced crystallisers with eonmnimeating 
pipes in such a maimer that the masseeuite ailded to the llrst vim-l 
displaces an etpial winght from vessel to vessel until it passes from the 
last vessel into the centrifugal ‘ mixer.” He daims the following 
advantaiges for Ins system over the present svsteiu of .sejiitrate vessels 
(i) As the full capacity of the plant is utdhed, a given quantiiv of 
massecuiie remains longer under treatmmit , (2) The mitiri* output of 
massecuite is more homogeneous and more easy to eur(‘ ; (3) I'ou rapid 
cooling 13 avoidiMl; (4) Boiling ean be done in small pans, and tlieie- 
fore more rapidly. 

Beet-crowns without leaves ean lie used for husiing 
horses, sheep, and pigs.^"' The crowns and leave.s form an excellent foddi-r 
for cows, if Ruppleniented by other food. The leaves .should be kept 

Fp. Put 40Gr)00 (1913), /, 1‘H4, 879 
U S Pftt 1190317 (1910) ; J , 1910, tiU. 

* « .Sugar, 1916, 18, 418 

^ Jovn. Board ofAgric 191.', 22, T-'io HtO, 
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dry and clean A silage can also be made. If artificially dried, the 
resulting fodder is equal to meadow bay, * ^ 

A powdery fertibzer is prepared from beet-molasses by Wilkening 
The molasses, are mixed with peat, and inoculated with azotobacter, 
which decomposes the 'betaine The treated mixture then contains 
about 25% water, 3 75% mtrogen, 9-75% potash, and 45 >0% humus. 
Sufficient superphosphate maybe added to cause the mixture to contain 
3% phosphoric acid 

A company has been formed to manufacture potash salts from waste 
beet molasses of the Mason Malt DistiUery Co , at Sausalite, California, 
USA 

Herzka® ’ prepares a fertibzer from waste waters (Stefien and Osmosis 
processes) of the beet sugar factory by concentrating to 55 Brix and treat- 
ing with sulphuiio acid, eqiuvalent to the total lime and alkali present. 
Calcium superphosphate, nitrogenous animal refuse, and sawdust are 
then added, and the mixture dried 
In 1901, Trance produced 13 *8 miibon gallons of alcohol from beet 
molasses out of a total alcohol-production of 49 6 million gallons, or 
27 8% from molasses. In the same year, Germany produced 2 45 
million gallons of 95% alcohol from beet molasses out of a total pro- 
duction of 101 8 million gallons, or 2 4% from molasses. During the 
war, German beet molasses have been used for the production of yeast“® 
for foodstufi and fodder The yeast employed for this purpose pro- 
duces no alcohol, but multiplies twice as rapidly as distillers’ yeas^ 
It IS grown in diluted molasses, contaimng added ammomum and other 
salts The demand for this nutrient yeast for human consumption 
has led to the construction of plants capable of producing from 400 
tiO 15,000 tons of yeast annually. 

The Eepining Industry 

Deoolonsing caihons — These possess a much higher decolorising 
power and are said to absorb more organic and mineral impurities 
from sugar solutions than bone-char. The mode of working also diflers 
greatly from the customary practice in the refinery , filter presses of 
small capacity being substituted for the large bone-char filters or cisterns. 
Tilter-pressmg performs the double function of separating the carbon, 
after it has acted upon the hquor (so that it may be used again), and 
simultaneously removing all suspended impurities from the liquor, 

1916, 161. • 

’■>7 US Pat 1212484 (1917) ; J, 1917, 398 
Hayduck. Folgieohn. Ges. Bedin, 1915; 1916, 323. 
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thereby dispensing with the Taylor bag-iiltors now iibcd Further, 
the vegetable carbons can he lovivified by chemical treatment, thereby 
dispensing with the kins or furnaces required for bone-cliar If these 
carbons can bo manufactured cheaply, it appears possible to lombmctlie 
manufacture of raw sugar with the refimiig- operation in the raw 
sugar factory. Raw sugar (cane or beet) would be niamifactured 
during the crop season, and subsequently refined dining tlie interval 
between the crop seasons, no additional machinery heiiig necessary. 
This has already boon done in tivo Butch beet faetoins, y orlaiig with 
“ Noiit ” in the proportion oi 2\ on the weight of raw sugar treated. 
The earliest patent for producing a very active dc^-oIoiMUg carbon 
from wood appears to be that of Ostrejko Wood is treated with 
a solution of calcium or magiicaniin cliloTuh', oi with caiciura acetate^ 
before igmtion out of contact with air 

More recent patents aio as follov s . — 

Bonnard, Rule, and Nicol, Eng. Pat 10622, July 31, 191“, J , 191G, 

1212. 

E. M Gatlin, U S Pat 1219138 (1017), J , 1917, 493. 

Investigations wore earned out by a committee^’ of the Royal Society 
on the production of decolorising carbon, similar to the German and 
Dutch products “ Epomto ” and ‘‘ Nont ” It wais concluded that 
“ Bponite ” IS made from a mixture of coniferous ivood, such as pino 
or cedar, and angiospermous w'ood, such as poplar or willow. Experi- 
ments were made on willow and cedar under the following conditions — 
(1) Natural wood without treatment ; (2) treated with millc of lime ; 
(3) treated with calcium acetate. These were carbonised at a white 
heat in a salamander crucible heated in a Fietciier radial injection 
furnace. The resulting carbon was washed, first with hydrochloric 
acid, then with water, and finally heated. Process (1) gave charcoals 
useless for decolorising purposes, (2) and (3) gave very active charcoal, 
equal to ‘‘Epomte.” The charcoals obtained after treatment with 
calcium acetate were slightly more active than those obtained after 
treatment with milk of lime, and the type of w'ood freated had little 
or no influence on the result. 

Sauer claims that when washed raw sugar is treated with “ Nont/* 
70% of the colour is removed by 0-25/, and 100% of the colour by 
3*0%. Owing to the small quantity of water required to wash out 
the sugar liquor from the cakos of “ Norit ” in tho filter-presses 

® lug Pat. 18040 (1900) 

« Chm Trade 19|7, Sept IS, p. 218 ; 1917, 1041. 
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before tlie latter is revivified, and the suitability of these washings 
for “ melting ” fresh quantities of raw sugaj, the normal fuel ciju- 
sumption of a refinery would be reduced by 25% on substituting 
“ Nont ” for bone-char 

Pellet^^ has studied’ the decolorising power of numerous carbons 
relative to Epomte taken as standard* His experiments were made 
With solutions of molasses, acidified with hydrochloric and sulphurous 
acids, prepared during the determination of sucrose by polanscopic 
methods. The carbons investigated gave different relative efficiencies in 
the presence of these two acids, the order of their activities being as 
follows — (a) HydrochlonG acid present — Epomte, 1 ; Littoral, 5 , 
Flandrac, 3 ; Flaming, 4 ; Special carbon for wines, 5 ; bone-char 
(fresh), 6 ; bone-char (washed with acid), 8 ; cherry-stone, 9 (6) Sul- 

phuwus aoid present — ^Epomte, 1 , Flandrac, 1 , Littoral, 2 , Special 
carbon for wines, 5 , bone-char (washed with acid), 6 , Flaming, 7 ; 
bone-char (fresh), 8, cherry-stone, 9. 

Weinrich^'-^ criticises the claims in favour of “ Noiit,” and regards 
all vegetable carbons as inferior to bone-char for large scale operations. 
He claims tha^ bone-char removes as much colour as an equal volume 
of vegetable carbon, and, m addition, removes orgamo and mineral 
impurities not absorbed by vegetable carbons. 

Yegetable carbons may also be used to facilitate filtration of refinery 
liquids. Wqnberg^® employs 0-5 to 1% on the weight of sugar in 
solution. The hquor obtained from 100 tons of cane sugar, of 96 polarisa- 
tions, after this treatment, required only 1000 sq ft. of filtering surface. 
The same liquor, treated with 1% of kieselguhr, or with phosphate of 
lime, required 40,000 sq ft, and, without any treatment, required 
60,000 sq ft of filtermg surface 

Murke^^ refines cane sugar without bone-char or other forms of 
carbon. Raw cane sugar is mixed with molasses to a thick magma, 
separated therefrom m centrifugals, and purged with water. The 
washed crystals are dissolved m water to a syrup, and treated with 
Tuilk of lime in the proportion of 0 5 to 2% CaO of the dry sugar 
present. After boiling, the syrup is carbonated until the alkahmty is 
reduced to 0*1% CaO, filtered, treated with sulphur dioxide until 
very slightly alkaline, and again filtered. The clear syrup is then 
boiled to massecuite in the usual manner. 


« Bull Ame. Clvm -Saer , 1916, 33, 220-227; 1917, 153 

‘‘2 Int. Sugar J , 1917, 406^07 , J , 1917, 1106 . 

« Eng Pat 8854 (1915) , Int Sugar J, 1916, 194, 1916, 4S2 

Eng Pat. 6661 (1915) ; J., 1916, 648 
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MaNUFACTUEE^ OP SuCEOSE FEOM OTHER PUNTS 

' palm.—ln India, about lOJ^ of the liomo-grown sugar is made 
from palms, mostly from the wild date variety {PItamjx stjkcstm) in 
Bengal, and from the palmyra palm in Matlrau Palm gur is darlcer 
than cane gur, due to the alkalinity of ilic ])aim juice acting upon the 
reducing sugars duimgboihng Annett'® overcomes this by previously 
neutralising the juice with citric acid. 

Sorghum.— -Thteo piactical methods of defecating sorghum juice 
have been studied by Anderson, i** namely, (1) heating and skimming, 
mthout addition of lime ; (2) defecation wth lime , and (3) defecation 
with acid calcium phosphate (5 lb per 1000 gallons) MtUliod (3) 
gives rather better sjTiip than method (2), but, taking into account 
the cost oi working, method (2) is considered jireferable 
About 17 million gallons of sorghum snuji weie produced in 1900 
in the United States, and the industry has sinci‘ then devidoped in 
certain districts. The average cost of pioduetiou is cstimateti at 
19 cents (9-Jfl) per gallon. Jordan and Clicsley*' give the following 
analyses , --Total solids, 716, ash, 2 I, sucrose, 100, reducing 
sugars, 28'4, gums and extractives, 4*0, and acidity (as tartaric 
acid), 0 The “gums” consist largelv of starch and de\t im. 
The s}i*up should contain at least 70/ total sugars, not more than 
5/ starch and gums, and not more than S'-' mineial matter 
iUap^c.—Canadian maple sjuiup is legally dolined as made by the 
evaporation of maple sap, and containing not more than 35, of 
water The dry substance should meet all the standards for maple 
sugar 

Invert Sveup. 

In 1916, more than tw’O million gallons of invert sugar S}tuj 5 s \cas 
used in the United States Jordan and Cheslcy‘® give ih(» following 
compositions “The “ light syrup” is made from reiiiuHl sugar, and 
contain^ from 70 to 78/ invert sugar, and from 0 5 to 4/ of unchanged 
sucrose. Some brands contain up to 33/ sucrose. “ Dark synip ” 
is made from raw sugars, or mixtures of (1) invert from nuv sugar and 
molasses , (2) “ light syrup ” and molasses , or (3) invert with soured 
honeys and sugar-house wastes The “ dark s}u:up ” rarely contains 

« A^nc J India., 1917, IS, 443 , J., 1917, 1022. 

« / lU Png Chem , 1917, 9, 402 ; J, 1917, 662 
/. Ind Ung Chem , 1917, 9, 730 , 1917, 1058 
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more tliaii 72 5% total sugars, a varymg amount of wiicli (18 to 73%) 
IS invert sugar. The ash vanes from 0 5 to 3* 5% 

The invert syrup Nulomohne is a substitute for glycerin for 
purposes m which a non-drjung and softemng material is required 
It contains about 81%* of invert sugar, 18% water, and only traces 
of sucrose and ash I-^ is manufactured by boiling an aqueous solution 
of refined cane sugar lyith a small quantity of citric acid and bleached 
gum arable, in a steam-jacketed pan until the boiling point reaches 
232 6° F. Steam is then turned ofl[, and cold water added to the 
s}ump to check the boiling The hot syrup is then rapidly cooled by 
flowing over metal plates, between which cold water is circulated * 

Other Sugars 

(rZwcose —Instead of treating starchy material m bulk with acid 
Rudman®® allows a spray of acid to react with the starch in the form of 
dust, by forcing the starch and acid through smtable nozzles into a 
closed vessel. The air entering the nozzles may be previously heated. 
The same effect may also be obtained by passing the starch through 
a vibrating scrifen, or down a vibrating chute, and the acid sprayed upon 
it during its fall. 

A continuous type of starch eonvertmg apparatus is patented by 
Sovereign and Lenders”, the converted syrup being discharged at one 
end of the apparatus, proportional to the quantity of acidified starch 
entering at the other end The advantage of this system consisfej 
in the uniform composition of the product. 

It has been proposed®® to employ Mwor BmUii, No 6, for sacchari- 
fication of starch To obtain a product rich in glucose, and contaimng 
little maltose and dextrins, the starchy material is heated under pressure 
with dilute acid, transferred to a closed vat, and seeded with the mould 
at 40’’ C Air is then blown through the liqmd The treated liqmd 
is concentrated and yields a colourless syrup, without treatment with 
charcoal Products containing a high percentage of dextrins are 
prepared by employing certain acids in the preliminary digestion, 
and also by aerating more strongly during saccharification 
In studying muta-rotation of glucose, Hudson and Dale” prepared 
pure samples of a and ^ glucose by hydrolysis of maize starch, and 

U S Pat 1181088 (1916), / , 1916, 648 
Eng Pat 16362 (1914) , J, 1915, 88 > 

US Pat 1183408 (1916), 1916, 750 

” I'r Pats 475791 and 477927 (1914) , J, 1916, 64, 1170 
” J Arner Chem Soc, 1917, 39, 320 ; J, 1917, 346 
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crystallisation from solution containing acetic acid. At ordinary 
temperatures, and with low acidity, the a-glucose predominates At a 
higher temperature, and in the presence of more acetic acid, the /Agliicose 
separates After recrystallisiug, the a-gliicose gave an imiial rotation 
of +110° and the j8-gIucose an initial rotation of +90 0°. 

The following mo(hfication of Behrend's inetliotl of preparing pure 
/S-glucose is proposed by Mangain and Acree a-l)e.\tro.se is dissolved 
completely in hoihng pyridine (25 grins in 25 c.c ) and tlio solution 
allowed to crystallise for twenty-four hours in an ico-hox /hDextrose 
separates with one molecule of pyiidinc, which it lohcs readily in the 
ail, in mom over sulphuric acid, or in an o\ en at 120° C When the 
pyridine is completely removed, the prodiuit shows an initial rotatory 
power of 20° to 25°. The }icld is 70 to 85 /, 
lactose— In the manufacture of lactose from wlun, Dietrich” heats 
the whey under pressure, in the absence of air, to coagulate the non« 
sugar The liquid is then cooled, filtered, and concentrated to a syrup 
in mmo, and finally pasteurised lu hermetically closed vessels. 

Lmulose —A method of producing hevulose from plants containing 
imilin is described by Cartier Samt-Reue ” The pulped material is 
treated with acid, or a suitable feimcnt, to convert tin' iiuilin into hevulnse, 
An excess of hmo is added to precipitate, calcium Isevulo.satc, which is 
separated by filter-pressing, and washed with water It is then decom- 
posed by carbonic, sulphuric, or sulphurous acids, the in.soluh]c lime 
compound filtered ofi, and the filtered liquid concentrat.(Hl and 
crystallised, 

Analyses of juices from twenty varieties of apples by Eoll” gave the 
following results Juice from fifteen varieties of Am(‘rK'.an apples 
contained from 7 9 to 12^ total sugars, mcluding 7 6 to 31 2^ 
sucrose, 52*5 to 74 7% iceviilose, and 5 to 37 6/, dextrose Juices 
from five varieties of French apples contained from 94 to IS 8% 
total sugars, including 2-1 to 29 5^ sucrose, 58 2 to 74 *2/^ hevulose, 
and 12 • 3 to 23 • 7% dextrose. In every instance the amount of hevulose 
exceeded the combined amounts of sucrose and dextrose. 

Mtose — Kaufmann®* proposes to extract malt and separate 
the aqueous solution The residue is treated with more water, cassava 
starch added, and the mixture (sp gr. 1‘16) is kept at 60° to 70° C. for 

« J Amer Ohm Soe , 1917, 89, 96,5 ; J, 1917, 730 
“ U S, Pat 1201027 (1916) j 1916, 1229 
IV. Pat 474015 (1913) ; 1915, 727 

57 J.Ini. Snff Clm , 1917, 9, 587 ; J, 1917, 90S. 

5» tJ.S. Pat. 1181460 (1916) ; 1916, 703. 
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30 minutes After boiling and cooling to 60° C , tbe aqueous malt 
extract is added, reducing tie density to about 1*125, and the mix- 
ture IS kept at 60° to 65° C until saccharification is complete, after 
which it IS filter-pi essed 

Mawwose.— Hudson and Sawyer*® have prepared the pure sugar from 
seeds of the tagua palm {PhyleUflias mmocarpa), by hydrolysis with 
sulphuric acid 

Melihose —EudLSon and Harding®® ferment pure raiEnose with 
bakers’ yeast at ordinary temperatures After fermentation is com- 
plete (thirty-six to forty-eight hours), a slight excess of basic lead acetate 
is added, and the liqiud filtered. In the filtrate, the excess of lead% 
precipitated by hydrogen sulphide, and the excess of hydrogen sulphide 
removed from the filtrate by a current of air. The liquid is concentrated 
to a syrup ^)l mcuo, 95% alcohol added, and finally a few crystals of 
pure melibiose to mduce crystalhsation 

Xyloae is prepared from cottonseed husks by the following method of 
Hudson and Harding ®^ The material is steeped in dilute ammoma, 
boiled with dilute sulphmic hcid to hydrolyse the xylan, neutralised 
with lime, separated from calcium sulphate, acidified with phosphoric 
acid, decolourised, concentrated, and crystallised with the aid of alcohol. 

New Sugars —La Torge®® isolated 50 grams of a new sugar— (Z-manno- 
ketoheptose from 3 5 kilos, of pulped Avocado or Alligator pear [Persea 
grattssima) This is the first heptose isolated from a natural source. 
It melts at 152° C. without decomposition, is not fermentable, specific 
rotatory power = about + 29° m aqueous solution. The 
P'bromophenylhydrazone melts at 179° 0 , and the phenylosazone at 
200° C. Its configuration is 

H H OH OH 0 

CHaOH ' C ' C - C ‘ C ■ 0 • CHaOH 
OHOH H H 

Another heptose sugar was found by La Forge and Hudson®* m the 
leaves and stems of Sedum spectahle (one of the stone crops). The 
sugar itself was not isolated, but crystalhne phenyl- and biomophenyl- 
osazones (mpt. 197° and 227° to 228° C, respectively) were prepared 
and analysed. The heptose is nonfermentable, and is not oxidised by 

J Amr Chem. Soc, 1917, 39, 470; 1917, 467 

«® J Amer Clm Soc , 1915, 87, 2734-2736 , J, 1916, 62. 

« J Amer. Chem Soc , 1917, 30, 1038, J, 1917, 730. • 

J. Mol Chem , 1917, S8, 511, J, 1917, 229 
J. Biol Chem , 1917, 30, 61 , 1917, 73L 
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bromine. As it yields two beptitols on reduction, it is regarded as a 
betose. 

r r 

Analytical Methods. ^ 

(a) Sucrose 

Tbe Ventzke sugar scale of Saccharimeteis lias liitbcrto been based on 
the ‘‘ conversion factor ” of 100 Voiitzke = 31: 057^ absolute rotation, 
due to the work of Herzfeld and Sclionrock As this factor gives 
erroneous values for specific rotatoiy poner, the Ventzke scale is only 
ajpproximately true The subject has recently been studied by Bates 
and Jackson,** of thelJ S Bureau of Standards, liy ludasunng the rota- 
tions of solutions of pure sucrose, first on a polarimeter with mono- 
chromatic light, and again on various types of quartz-wedge sacchari- 
meteis with white light. Two sources of monochromatic light uere 
used, namely, sodium vapour (k = 5892 5° A ) and mercury vapour 
{A = 5461° A.) The mean value of ten experiments gave the iollow- 
ing results (1)A normal sucrose solution (26*0 granus in 100 cc. 
metric) gave absolute rotations, at 20° C , of 31 *617° ( = 5892*5''' A ) 
and 40 763° (A = 5461° A ) (2 ) The same normal ‘'ulution pave a 
saccharimeter reading of 99 89.° S on the Herzfeld-Schonrock scale 
(3) The conversion factors for the tv o monochromatic light sources are 
100° sugar scale = 34-620° (A = 5892 5° A.), and 40 690° (A = 5461°A.) 
at 20° C , as compared with 34-657 (A = 5892 5° A) by the Herzfeld- 
^honrock factor. (4) The difierence between the absolute rotations 
of the normal quartz plate, and the normal sugar solution is 0-003° 
fox A = 5892 5° A., and 0*073° for A = 5461° A (5) The difierencc 
in rotation in sugar degrees (calculated from ab'jolute rotations of 
the normal sugar solution on the saccharimeter) for the two mono- 
chromatic light sources was ~ 

Reading {A = 5461° A )—Readmg (A = 5892-5° A) = 0 19° S 

(6) The specific rotation of sucrose (calculated from the absolute 

rotations of the normal solution) for tlie two monochromatic light 
somces = (56 529‘ = V8-342”. 

(7) The agreement between the accepted value, 60-502° and the 
above value 66-529“ for sodium light, is in contrast to the dis- 
agreement between 66-502° and 66-627° ba.scd on the Herzfeld- 
Schonrock conversion factor, thus corroborating the new conversion 
factor 34-620° (A .= 5892-5 A). (8) The calculated thickness of the 
normal quartz plate gives 1-5934 to 1-5940 mm. 

U.8. Bureau of Staniarh, Bull. No. 2G8, 1.)16 ; see J , 1916, 1120 
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lu the determination of sucrose by derget’s method, the accuracy 
of the Herzfeld factor — 142*66 — ^has been * questioned by several 
chemists Stanek finds possible differences of* 0*4 m the constanfs 
obtained by^rqadmg more or less promptly after inversion Koydl 
has found variations from 142 • 29 to 142 • 99 Walker proposes 142 • 92, 
based on experiments* Mth pure sucrosg Pellet®® adopts 142 -96 for 
a particular saccharimeter, and points out that the constant should 
be deteimined for each saccharimeter used. He states that the con- 
stant may vary from 142 66 to 143 00 according to the time which 
elapses between inversion and polarisation, owing to mutarotation of 
the inverted soljition The constant 142 66 is only applicable whan 
the inverted solution is cooled rapidly, and the reading taken in less 
than thirty minutes after inversion Beyond this period, the constant 
varies from 142 87 to 142 95 

C. A. Browne®® recommends the following modification of the Herz- 
feld formula, in order to correct for change of lotation with change 
concentration 

n * 100 (A-B) 

^“,142 66-t/2-0*0065 [142 66-t/2-(A-B)] 

When t = 20° C., this reduces to 

. 100 (A-B) 

132*66-0 0065 [132*66-(A-B)] 

He recommends inversion by means of invertase as a valuable con- 
trol on the accuracy of the more rapid method of acid inversion ^ 

Instead of heating the sucrose with acid for a definite time, and at 
a definite temperature, Walker®’ simplifies the process by heating the 
sugar solution to an approximate temperature, then adding the acid, 
aid allowing inversion to take place during cooling. Experiments with 
pure sucrose solutions and with molasses gave uniform results when the 
acid was added to the solution previously heated to any temperature 
between 70° and 63° C , and then left to cool for fifteen minutes or longer. 
Thus, an approximate temperature of 67° C. may be adopted when 
adding the acid, and no further regulation of temperature is necessary. 
The cooling for 15 minutes m air, and finally in cold water, completes the 
inversion. The method agrees closely with that of Herzfeld, using 
the same factor, 142*66 — 0‘U. 

An important paper on “ The use of enzymes and special yeasts in 

S’ Int Sugar J, 1915, 17, 65S-560 , 1916, 134 

J Assoc Offic Agnc Chem, 1916, 2, No. 3, 134, J , 1917, 15^ 

Int Simr 1917, 81 , 1917, 153 
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oarboliydrate analysis/’ by W. A Davis«s should be noticed. For the 
estimation of sucrose, tie employs mvertase prepared from bottom 
yeast by treatment mih toluene at 25“ to 30“ C, for a fortnight. The 
inyertase, thus prepared, is free from maltase and Eyinase, and can be 
kept for several years. Inversion of a sugar solution is cll’ected by 
incubating for 24 hours at 38° C , with 1 c c of the mvertase and a few 
drops of toluene. The sucrose present is calculated by means of Ilerz- 
feld’s table of constants. It is not necessary to apply any correction 
for the slight optical activity of the mvertase added, as the error is 
inappreciable. 

In order to shorten the time required for hydrolysis, when using 
yeast at 55° 0 , Pellet®® employs yeast liquefied bv 7 / of sodium 
salicylate, thus reducing the time from about 41^ hours to 20 or 30 
minutes, under definite conditions of concentration. 

Numerous reagents have been proposed for destroying reducing sugars 
in order to determine sucrose by direct polarization. These include 
potassium and sodium hydroxides, by Dubrunfaut, baiyta and 
stiontia ; and hydrogen peroxide m conjunction ^uth sodium hydro.xide, 
as suggested by Pellet and Lemeland, and Vollant. Miller’® employs 
an alkaline solution of bismuth subnitrate containing Rochelle salt. 

For the determination of minute percentages of sucrose, Pellet 
and Giesbers'^ modify the a-naplithol test by shaking the solution with 
the reagent and sulphuric acid m a test-tube, and comjiarmg the 
depth of colour produced with that of standard solutions, oontainmg 
■^om 0*1 to 0*2 grm. sucrose per litre. 

Blake,’® for the same purpose, prepares a aeries of standard tints 
by mixing solution of cobalt mtrate and copper sulphate, corresponding 
to the tints given by solutions contaimng up to 20 parts of sucrose 
per million. For larger proportions of sugar, he employs muxtures of 
red and blue organic dyes. 

(b) Otha Sugars 

Bougault’* proposes oxidation by iodine in the presence of 
sodium carbonate, in accordance with the equation E.CIIO + 
HsO + Is == R COOH + 2HI. The estimation is effected by adding 
an excess of iodine, and titrating samples of the solution at regular 

» J, 1916, 202 

Bull Asm CMm, Suer, 1915, 33, 29, 36, 39 . J, 1916, 320. 

Int Su^ar J, 1916, 27^275 ; J., 1916, 85S. 

Suer. Indig , 1896, 48, 87. 

Inf Sugar J, 1917, 19, 26; 1917, 162 

^ Cmjifes rend , 1917, 164, 1008; I., 1917, 899. 



SUGARS, STARCHES, AHD GUMS 


395 


intervals, until the loss of iodine reaches a low constant value within 
half an hour (90 minutes in the case of mannose) ^ 

Keajoses.— Bertrand and Duchacek’^ have shown that the Bulgarian 
bacillus {Badhs aoidi lactici Massol) converts hexoses into lactic acid, 
but acts upon only onfe of the dissaechandes, namely lactose. Mar- 
gaillan employs this organism for separaffcmg lactose and glucose from 
sucrose. 

Galactose.— F ot detecting d-galactose in the presence of other mono- 
saccharides, Van der Haar’® employs o-tolylhydiazine. The o-tolyl- 
hydrazone, thus obtained, forms colourless needles, m. pt. 176° C It 
is practically maoluble in cold water, slightly soluble m cold alcohol, 
more soluble m hot water or hot alcohol, and easily soluble in pyridine. 
100 mgrms of d-galactose can be detected in the presence of a mixture 
of 60 mgrms each of arabinose, xylose, rhamnose, dextrose, mannose, 
and Ijeviilose, since none of these forms an o-tolylhydrazone. 

Von Braun’® employs benzoyldihydromethylketol-hydrazine With 
galactose, this reagent forms a colourless crystalline precipitate m from 
J to 2 hours, according to flie concentration. Dextrose, isevulose, 
mannose, arabyiose, and xylose give no precipitate. 

Glucose— has determined the normal weight and specific 
rotatory power of pure glucose, adopting the conversion factor of 34° 620 
for the true Ventzke scale [see p. 392). A rotation of 100° Ventzke 
is given by 32 •231 grms. of glucose in 100 c c The old normal weight 
of 32-264 grms is based on the erroneous conversion factor of 34°.657. 

H 20°C ^ 
5461 “ 

62 -032+ 0-04257 0; where C=grms. of anhydrous glucose weighed 
in vacuo, in 100 e.c Or by— = 62 032 +■ 0 0422 p + 

0-0001897 p*® ; where p = percentage by weight m vacuo. 

Glutose— This nou-fermentable sugar occurs in cane molasses. It 
is determined by H. Pellet’® by diluting molasses ten-fold, slightly 
acidifying, and fermenting with bottom-yeast for three days. The 
reducing power of the residual glutose is then determined by heating 
with Fehling’s solution at 63° to 65° C for thirty minutes, after pre- 
liminary clarification with normal lead acetate PeUet found from 2' 6 
to 5% glutose in cane molasses. 


Ann. Ind Fastenr, 1906 , 20 , 977 
Mee Trm. Chm Pays-Bas, 1917 , 37 , 108 ; 1917 , 1022 . 

7 ® Ber, 1916 , 49 , 1266 - 1268 ; J, 1916, 1020 
77 J. Wash Acad Sei^ 1916 , 6 , 630 - 631 , /, 1916 , 1126 . 

7 » Am. Ohm Analyi , 1917 , 22 , 43 ; J, 1917 , 467 . 
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Lactose —Baket and Hulton’® determine lactose m the presence of 
other sugars by utilising the fact that lactose is not fermented by 
ordinary yeasts They consider this method preferable to polaiimetric 
methods 

Maltose —The determination of maltose in the piesonce of sucrose, 
or fructose, or both, has been worked out by Dams and Daisli,®® 
Their method is based on the fact that certain yeasts completely feiment 
glucose, fructose, and sucrose, without acting upon maltose, -which can 
thus be determined from the final reducing pm^ei The yeasts em- 
ployed are, Sacchawmyces ma}Xiamis, S exiguas, and 6’. anomahis 
"Rajinose—K. Pellet^^ claims that the determination of this sugar 
in the presence ot sucrose, by the Herzfeld-raflinose formula is mtiatcd 
by the piesenco of other optically active substances', even wdien these 
remain unafiected during inversion 

Kluyver®^ employs special yeasts for estimating raffinobe in complex 
mixtures of sugars and measures the volume of caibon dioxidi^ tnolved 
by the action of the yeasts, m a specially designed eudiometer lie 
shows that top-yeasts, {Touda cytila^ Schzosacckaiomijcrs Pomhe), 
and a lactose yeast, all decompose raffinose only to the stage of nndibioso 
and Isevulose, the latter of which is fermented, giving carliun dioxide. 
Bottom-yeast ferments raffinose completely. From tlie diflercnc(' 
between the CO 2 evolved by the action of top- and bottom-yeasts the 
quantity of raffinose present can be calculated Biochemical methods 
have been applied by Kluyver to the analysis of food materials, sucli 
aTjams, starch-syrups, and m other cases of technical importance. 

Hudson and Harding, “ employ enzymes prepared from top- and 
bottom-yeasts for determimng raffinose in sugar mixtures Autolysed 
top-yeast decomposes raffinose as in equation (1) — 

(1) Eaffinose = Melibiose + fructose 

Autolysed bottom-yeast further decomposes melibiose — 

(2) Melibiose = galactose + glucose. 

The difference m rotation between (1) and (2) is a inea.sure of the 
raffinose present. Mixtures of 1 5";^ of raffinose with sucro.'ie glucose, 
fructose, invert sugar, lactose, maltose, cellose, and trehalose, gave 
results varying from 1-43 to 1.53% raffinose. 


Amigsf, 1910, 36, 513, /, 1911, 43. 

« J. Agnc, Sci , 1913, 6, m,J, 1913, 1021, 1023, 

BtiU Assoe Ohm Swer, 1916, 36 , 112, 1917, 933 

Biochem Brnkerhepalmgen, 1914 
J Amer, Ohm Soi , 1915, 37 , 2193 , J 1913, 1095 
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(c) Mixtures of Sugais^ 

Wilson and Atkins®* prove that dextrose and^ maltose are quantity 
tively oxidised by bromine at ordinary temperatures, whereas Levulose is 
only very slightly oxidised. Hence, a mixture of sucrose, maltose, 
dextrose, and Isevulos^ may be analysed as follows. The sucrose is 
determined by polarization and reductioTa, before and after inversion 
by invertasG The resulting mixture of reducing sugars is treated with 
bromine under standard conditions of acidity and temperature for a 
given time The final reducmg power is due to lievulose only, from 
which IS deducted that portion derived from the sucrose. On sub- 
tracting the calculated rotation, due to sucrose and huvulose, from the 
initial rotation, the rotation due to maltose and dextrose is obtained 
Similarly, by subtracting the reduction, due to bvulose only, from the 
initial reduction, the reduction due to maltose and dextrose is obtained. 
The percentages of maltose and dextrose can then be calculated. The 
oxidation method affords an easy means of detecting abnormal 
quantities of dextrose in honey, jams, etc 
The composition of starch syrup has been studied by Wesener and 
Teller, who cdculate the proportions of maltose and dextrose from the 
cupric reducing power, and yield of carbon dioxide on fermentation. 
Two samples gave 11*7 and 17 2^ dextrose, and 22 9 and 16*4/{ 
maltose. There were also present reducing substances which ferment 
with difficulty amounting to about 14% calculated as maltose, ox 8% 
calculated as dextrose, and unfermentabie dextnns amounting to about 

47% 

(d) Gojg'per-feduction mdhods 

Meade and Harris®® find that the Meissl-Hiller method gives results 
4 to 5% higher when the excess of lead is precipitated as oxalate, than 
when a carbonate or sulphate is used. Further, that the results are 
about 5% higher when weighed as cuprous oxide, than when ignited 
to cuptic oxide The latter agrees closely with the lodometric deter- 
mination of the copper. , 

Frerichs and Mannheim®' prefer Hupp and Lehmann’s lodometric 
method to the Fehling-Soxhlet method, and find that the products of 
oxidation of the sugar have no action on iodine The authors have 
recalculated the table pubHshed by Rupp and Lehmann. 

'*5 modern J, 1916, 10, 504; A)ialgst, 1917, 43, 12; J", 1917, 154 
» J. Ind Eng Chem., 1916, 8, 1009, J , 1916, 1229 
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Wedderburn’s modification of the gravimetric metliod®® consists m 
reducing tbe cuprous oxide, m a silica Goocb crucible, by means of 
alcobol vapour, and tbC results agree closely with tbe electrolytic metliod 
of reduction. The former method is more smtable for routine work. 
A solution of the material is clarified with neutral lead acetate, and 
the excess of lead removed by potassium oxalate. 

For determimng very small percentages of reducing sugars m the 
presence of sucrose (high-grade and refined sugars), Pellet®’ employs 
a Fehhng solution containing only 60 grms of sodium hydroxide 
per litre of mixed solutions. 20 c c, of this copper solution, 20 c c, 
of the sugar solution to be tested (contaimng les.s than 0 10 grm. of 
reducing sugar) and 10 c c of water are heated to 00-62° C for 10 minutes, 
and the precipitated cuprous oxide filtered oft, after diluting with 
60 c c. cold water, heated in a mufBic furnace, and weiglied as cupnc 
oxide. For rapid work, the cuprous oxide is collected on a small disc of 
filter paper of defimte area, and the depth of the red colour compared with 
a series of similar discs, prepared from known quantities of a standard 
invert sugar solution (1 c c =0 005 grm"), treated m the same manner. 

Maquenne’®also discusses methods for the determijiation of small 
quantities of reducing sugars in presence of sucrose, by heating the 
reaction mixture at a defimte temperature, and for a definite time. The 
reduction due to sucrose can be minimized, but not entirely eliminated, 
by heating between 66° and 75° C. for 10 minutes or longer. Slight 
fl.uctuations of temperature do not afiect the results appreciably. 

o 

(e) Miscellaneous. 

The calcium carbide method of estimating water has already been 
apphed to coal, tea, coffee, cocoa, butter, cordite, wool, and other 
substances which readily oxidise on heating. The method was first 
suggested by Danne, m 1900, since when special apparatus has been 
designed by Dupre, Eoberts and Fraser,*® Cripps and Brown,** 
Masson,*^ and Campbell,*® West** has designed an apparatus in which 

J M Bag C7im, J 916, 7, 610, 1915, 85 i 

Bull Assoc Chm 8mr , 1913, 31, 183 , J , 19U, 35. 

** Comptes rend, 1916, 162, 207 , J, 1916, 320. 

*1 Aiiahjst, 1906, 31, 213 , J,, 1906, 780, 

J,1910, 397 

** AmJysL, 1909, 34, 519; d., 1910, 43 

*•* J Qhm, Hoc , 1910, 98, 851 ; Chm, Hems, 1911, 103, 37 ; J., 1910, 310 ; 
1911, 157 

** J, 1913, S7. 

d M, Bng Chm, 1916, 8, 81, J., 1916, 654. 
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the acetylene, evolved from saccharine materials containing water, is 
measured m a gas burette. ' 

Snell gives results of his electrical resistanco test on maple syiu]^, 
and mixtures of mapfeand sucrose syrups, as influenced by the addition 
of basic lead acetate. A graph is plotted, with volumes of lead acetate 
solution as abscissae, and resistances as ordmates The abscissa of the 
point of intersection of two straight lines, forming the graph, is called 
the “ lead number ”, and ranged from 4' 9 to 6* 6 with 70 genuine maple 
spups. Of 20 syrups containing 30% of sucrose syrup, 17 gave smooth 
curves. Of 20 syrups containmg 40 % of sucrose syrup, 18 gave smooth 
curves, and the remaining two gave points of inteisection outside %e 
limits for genuine syrup. 

In the analysis of saturation scums, Stanek*^® determines the total 
carbon by oxidation with chromic and sulphuric acids, and weighing the 
carbon dioxide evolved. The sugar content is determined in a separate 
portion. The quantity of carbon dioxide due to sugar is deducted from 
the total found, and the balance calculated to carbon percentage m 
organic non-sugars * 

» Paet 2.-ST1RCHES. 

(a) Sources. 

According to Goris,»® the horse-chestnut kernel contains 2 to 3% 
fat ; 6 to 7% nitrogenous matter , and 20 to 30% starch. Owing 
to the presence of saponins, the pulp or flour cannot be used as foodstuff 
without treatment to remove them. He recommends washing wit!^a 
0 1% solution of hydrochloric acid The starch thus treated is white, 
odourless, and tasteless, and might serve as food, or for the production of 
alcohol Factories for the production of starch from horse-chestnuts 
were formerly erected near Paris, but were not remunerative, owing to 
the cost of labour and transport. 


(6) Maitofactuee. 

Goldbeck^“‘’ describes a method of wheat-starch manufactime giving 
a yield of 57-60% of starch, as compared with 34-52% by the old 
methods The new method is due to the more perfect separation of the 
starch from the gluten by the following operations --The flour is kneaded 
into a dough with water, and washed m an extractor. The starch-milk, 


‘■>7 y Ind Ung Clem , 1916, 8, 241 ; 1916, 482 

Z Znclcennd, Bolm , 1916, 40, 201 , J , 1916, 701 
Compies rend , 1917, 165, 345 , J , 1917, 110/. 
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tiius obtained, is passed tbrongli tbe usual sieves, and the fine starch 
separated bv centrifugal action. The starch, remaining on the sieves, 
is^separated from the admixed gluten by allowing the gluten to ferment, 
or by treating it ivith dilute ammonia and acetic acid, and contrifiiging 
the inixtni'e. The gluten and bran thus separated niav lie used as 
feeding stuffs 

The manufacture of a granular form of starch is jiatmiti'd bv Bauer '“'i 
Starch is mixed with a binding material (" mazam ’ a doxtrin of high 
molecular weight) in liquid form, and the mixture, is dried in a mirrent 
of air without gelatimzation of the starch The product eoiisisth of 
hard pellets, which break down m water at ordinary tem]H'ratures, 
forming a milky hqmd without residue 

The method of purifying waste water from potato-starch lactones m 
Hungary is thus described by Halim The volume of waste wattT.s 
vanes from 1 4 to 2 8 cubic ft per cwt of potatoes, reprosimtinu a daily 
discharge of from 459,121 to 918,242 cubic ft. of w aste water Puniica- 
tion by irrigation was found too cumbersome and good results wen' 
obtained on the following principles -^Bunficaiion of the innocuous 
water, derived from potato-washing, bv subsidation in r tank capable 
of holding the deposited solid matters collected during tlie w hole .seanon's 
working. Tins deposit generally amounts to 5 ' of thi' potutm'.s 
worked, i.e , about 25 cubic ft. per 10 ton wagon of potatoes. Tin' 
noxious waters from the starch manufacture, amounting ti> twu-fluuls 
of the whole, are run over dyked areas of ground to a depth of about 
S^eet, and then left to ferment. The area required for small factories 
IS about 5 acres, and for large factories 85 acres Part of the water 
disappears by percolation and evaporation ; the remainder re([U!res 
about 4 months for fermentation. The soil thus manured is suitable 
for cultivation 


(c) Analysis 

Von FellenbergP®* employs a direct metliod of estiniatiiig stnivli, 
based on the solubility of starch m a 50 ' calcium cliloridc solution, 
its precipitation by iodine, and the deeompo,sition of this iirecipitare 
by alcohol 

Davis^®* proposes a method based on the use of taka-dsastasi', prepared 
from Aspergillus onjzce, which quantitatively comerts starch into a 

'"1 US Pit? U75I13!iml 1175111(1016) , J , lOIfi, {Hi 
Jwifftih kuziemeni/ek, 1916, 6, 1 , J,, 1016, 1126 
JM LeleihmiUelunfm. S^g,, 1016, 7, 3t’0 , J, 1917, 035. 

1016 , 207 . 
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mixture of two sugars only— maltose and dextrose, which can then be 
determined by rotation or by reducing power; The material is first 
freed from sugars by extraction with boding 80% alcohol in a Soxhle^ 
extractor, also, if necessary, extracted with cold water to remove gums, 
amylans, etc. ’ A’ weighed portion, 2 grms , is then gelatinized with 200 
c c of water in a 250 c.c* beaker-flask heated for | hour in a water-bath 
at 100 ° C. The solution is cooled to 38° C ,*aud 0 • 1 grm. of taka-diastase 
added, also 2 c.c. of toluene; the mixture is then left for 24 hours for 
conversion to take place It is then heated in a boiling water-bath to 
destroy the diastase, and the clear portion filtered through a fluted filter- 
paper into a 500 c.c. measure flask. The residue is washed several time^ 
by decantation until the volume in flask amounts to 475 c.c. The 
necessary quantity oj. basic lead acetate is added to precipitate tannins, 
etc., the volume required varying from 5 to 25 c c. (a large excess of 
lead should be avoided ) When the precipitation is complete, the 
solution is made up to 500 c c. and filtered. 100 c.c of the filtrate is 
placed in a 110 c.c flask, the slight excess of lead precipitated by sodium 
carbonate, and the volume adjusted to 110 c.c at 15° 0. 50 c.c. of the 
filtrate from the lead carbonate is used for the reduction, and another 
portion polarized in a 400 mm. tube. 

A polaiimetric method of determining starch, m the presence of other 
optically active substances, is suggested by Baumann and Giossfeld.^®® 
It is based on the complete precipitation of starch by lead tannate^ 
when the latter is formed in the solution. The difierence in rotations 
of the same solution, with and without the precipitation of the starohf- 
multiplied by 5 444, gives the percentage of starch present, this factor 
being calculated from the average rotatory power (= + 183'7) of 
various starches. The error of the method does not exceed 0*2% 
with substances contaimng from 10 to 60 % of starch, together with 
large proportions of sucrose, dextrins, etc. 

Por detecting potato starch m flour, BluncF®® employs “ metachxome 
red G Agfa.” Potato starch and ceE tissues are coloured a bright golden 
yellow by this reagent, whereas cereal starches are unaflected. 

Por the determination of starch m raw potatoes, Ewers^®^ heats 
the ground sample with dilute hydrochloric acid. After cooling, the 
solution IS treated with sodium molybdate solution, diluted to known 
volume, filtered, and polarised. The reading in Yentzke degrees x 
0*44007 * percentage of starch 

Z Uniers. Genussm.^ 1917, 33, 97 ; e7, 1917, 662 
Z mien, Nahr Gemssm , 1916, S9, 246 j 191b, 1077 • 

Z. of mil Ohm,, 1915, SI, 282 , J., 1916, 432 
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The most accurate value for starch m potato is found hv suhtract- 
mg from 100 the sum of the pereeutage of moisture, ash, cellulose, ether- 
ektract, proteins, and ‘pentosans Values so obtained are liigher than 
those given by the Baumert-Bode method ana Ewers’ polarimetnc 
method The values deduced from specific gravitv, fioni the table of 
Behrend, Marcher, and Morgen, are about 0 5 lowei than lesulls by 
Ewers’ method. De Vries“® has constructed a new table, “ (Ironing’s 
Table/’ winch gives more accurate values 
Wienmger has devised a ])olarimetric method of determining 
starch m spent grains, after precipitating the imvorotatory substances by 
zinc sulphate The rotation due to non-aim iaceou^ dextrorotatory 
matters is found by precipitating both the k'\ orotatory substances 
and the starch m a second portion of the liquid extract, by means of 
phosphotungstio acid 

The gelatinizing temperature of starches is determined by Francis 
and Smitk^“ by means of a special thermo-micro-slide, with hoi. water 
circulation. The starch to be tested is placed on (he slide, covered w ith 
water, and the slide heated at the rate of C per minute Tlu' tempera- 
ture is noted when the starch grannies lose, their polarizing power 
Box and Eoark^^ employ a No. 8 eb'ctnc mcubatior for the nncroscopo 
stage The geiatimzation points of the starches from 13 \aneties of 
maize were found to vary from 61 T to 71 1° 0, but concordant 
results were obtained for each variety 
The viscosity of starch solutions is determined l>y MacNider^^ in a 
Siiott viscometer, at the boiling point of the starch solution, relative to 
water, also at boiling point. The starch solution was previously boiled 
with steam for 1 hour in a model kettle ” of If gallon capacity, 
smniai to the large “ kettle ” used m the preparation of warp sizing. 
Various grades of thick-boding starch (0*5 lb per gallon water) gave 
viscosities of from 2 89 to i 58, whilst thin-boding starch (1 to 2 lb. 
per gallon water) gave viscosities of from I 27 to 2 45. Maize starch 
'4 lb per gallon) had a viscosity of 3 54. 


108 Chem'Znt,\m,iO,Rep 153 

100 Z Qes. Bramo.^ 1015, 88, 257, J,, lOlC, 377, 

110 J M Miiff Chem., lOlG, 8, 509, J, 1916,750. 

111 J Amef. Chm Soc , 1917, 39, 142, J , 1917, 560 

112 J JmI Sng, Chm, 1917, 9, 697, J., 1917, 899. 
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Part 3.-GUMS » 

• * (a) Sources and Statistics 

Montandou^^ states Hliat substitutes f,or gum arable aie obtained 
from tbe following Brazilian plants — Difiercnt species of ‘‘ Angico,” 
Enterolohium elhptiGum {Pilhecolohium p«imw?/emm) , “ Ar\ ore da 
gomma ” or gomma lagrima ” {Yochsia gumm^fem) m tbe province 
of Rio de Janeiro, “Yinbeiro do Campo” or “Arvore do Vinbo ” 
{Yochm thjnoiclea) in tbe State of Minas Geraes The best qualitji, 
or gomma lagrima,” is colourless and transparent, completely soluble 
] n eleven parts of odd water A sample bad tbe following composition 
Water, 11*79 , arabin, 87*67 , yellow bitter substance, 0*03 , resinous 
substance, 0*04; insoluble matter, 0*012, and asb, 0*44% Com 
signments of Brazil gum have been exported to Liverpool and to 
Germany from 1900 onwards 

Tbe various species of AstJagalus, from wbicb gum-tragacantb is 
obtained, grow on tbe mountains surrounding tbe Persian plain, Tbe 
price of tbe has increased 5 to 10 % since tbe outbreak of war- 
The present prices are as follows First grade, 3s per lb , second 
grade, Is 8d. ; third grade, Is 2d. , fourth grade, lOd , and fifth grade 
6d. Tbe principal Persian markets are Hamadan, Shiraz, Kerman 
and Kermansbab From 150 to 200 tons is exported annually from 
Hamadan Before August, 1914, half of this amount was shipped t) 
Russia, and tbe other half to America and Great Britain. Great 
Britain and Russia are tbe largest importers of Persian gum-tragacantb, 
followed by Turkey, India, and tbe United States. Tbe exports in 
1913-14 were valued at £233,000 

Analysis 

For tbe determination of gum in French officinal syrups, Luce^’-^ 
recommends tbe method of Roeques and SeUier Tbe syrup is* diluted 
five-fold, and 25 c c treated with 50 c c of 95 % alcohol, and 2 c.c. of 
saturated alcoholic lead acetate solution. Bellier’s method, though not 
so accurate, is sufficiently so for most purposes. 20 c c of five-fold 
diluted syrup is treated with 40 c.c. of 95 % alcohol, and 1 c.c of 10 % 

C/iacanes e 1916, 13, 417; J, 1917, 155 

JJ,8 Comm Mep , No 293, Dee. 15, 1915 , J, 1916, 134 
115 J Fham Chm., 1916, 14, 1349. 
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aqueous solution of calcium chloride. After 24 hours, the precipitate 
is washed by decantation!' with 60 c c. of 65 ^ alcohol in three portions ; 
tfansfened to a taxed .hlter, again washed with 20 c.c. of 65 alcohol, 
dried for 6 hours, and weighed. Since the moisture content of gum is 
about 12 the weight is multiplied by 100 -r- 88. These methods are 
not applicable to gums containing dextrms. 

Waters and Tuttle^^® recommend basic lead acetate as the most dis- 
tinctive reaction. Mixtures of neutral ferric chloride and alcohol and 
of copper sulphate and sodium hydroxide, are valuable as confirmatory 
agents. i'’or quantitative determination, they employ a solution con- 
ttming 50 grms. copper acetate, ammonia in excess, and 50 ‘ , of alcohol 
in 1 litre. 


I'S U8 Small of Standmlt^ Tednol , J Fiaiilhii hat 
181,266, 1916,37o. 
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FEBMENTATION INDUSTBIES 
By Arthur E. Ling, 

CoMidUng Chmui, 74, Gnat Tower Street, London, B.C. ^ 

Owing to the continuance of the war, it has been found necessary to 
restrict considerably the production of potable fermented hquors. It 
might, therefore, have been anticipated that the research work con- 
nected with the production of these liquors would have undergone a 
corresponding diminution And this would undoubtedly have been 
the case had it not been that the restrictions themselves have rendered 
necessary special investigations to meet their demands ; as it is, these 
latter have qi^te counterbalanced any deficiency m what may be 
termed the routine mvestigations of normal times. Activity in this 
direction is particularly noticeable in Germany and in Austria, more 
especially in the former country, where the most drastic changes have 
had to be made both in regard to materials employed and methods 
adopted m the production of beer, on account of the shortage of 
It has been deemed expedient to deal as fully as space would permit 
with the investigations on which these changes have been based, since 
they are, to say the least, suggestive so far as our home production is 
concerned In most other branches of fermentation technology, how- 
ever, there has been a distinct fallmg ofi in the number of papers 
published, which may to some extent be accounted for by the fact 
that it is undesirable at the present time to publish some of the facta 
which have been ascertained in regard to fermentation products. 
Contributions of an academic character have been well maintamed both 
m quantity and quality, and although there are no strikmg discoveries 
to place on record, attention is called to a considerable number of 
valuable papers in this category. 

Chemistry. 

The greater part of the investigations m pure chemistry which 
concern the fermentation industries during the period under review are, 
as usual, those which describe the actions of different enzymes. 
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In Older to prevent confusion, tlie writer has adopted in this section 
wherever possible the nomenclature tor enzymes which connotes tlie 
particular substrate, on which they act, thus amylase instead of dia- 
stase, sucrase instead of mveiiase. Mowing fcl E , Ai'insiiong, he 
has also adopted the terms amylociastic and pioteoclastic instead oi 
amylolytic, proteolytic. 

Stard Hydrolysis.—ln his fifty yeais’ letrospect of brewing science^ 
H. T. Brown remarked that the '' starch question’' had its birth in 
181d when Kirchof observed that staich under the influence of “ vege- 
table albumin ” of grain yields a crystallisable sugar Yet so diflicuit 
aind complex is the subject of starch hydrolvsis that, lie ventured to 
predict that chemists will not be united on it even in its bicen!eiiaiy< 
2014 A D. The writer believes lliat one of the chitd factors which has 
operated in keeping back definite conclusions on tlus subject that 
starch has been regarded as a cheimcal entity in the same sense as if it 
were a crystalline compound Chemists ha\ e been in the habit cd speak- 
ing of the starch molecule, whereas if there he any meaning whdtiw'cr m 
the term it is to be regarded in a physiological uitlier than in a clumiieal 
sense. It is true that Brown and his colleagues weie anj,ong thoM* who 
recognised that there is a diftercuce in the behaMour oi dilfeient stauflieh 
towards malt amylase, and this has been amply cuniinnt‘(! by subse- 
quent work Much good and useful wuik has been cairicd out, and 
certain definite products have been isolated, yet the water \entim‘s 
to think that it has not been sufficiently recogmsed tliat the substratt* 
must frequently employed in experiments on the hydrolysis of starch 
by malt amylase, e.g.f potato starch paste, is of a mixed natiue, so that 
in all probability several reactions are proceeding at the same tiniio 
Against this it may be urged that in some eases soluble staich prepann! 
by the Lmtner method has been employed, but even so we ar{‘ hv no 
means sure that we arc dealing with a single chemical substance Then 
again the multiple nature of malt amyla.se has not been suOieiently 
recognised until comparatively recent tunes - Among the com])ounds 

^ I Inst, Bremng, 1016, 2S, 

* Some of the recent mnk to iie ivconled m thP Jlejitif deals with the aelum 
of punlietl am.ykse onastarch suhsnute, but luferestrag as the results aie, foul 
whilst admitting that the experiments are fjttsud on u sound reienliiie pi m, it would 
obnousl) be \vron«;toeomparothem with the lesuKsof the previmis worUrs wk> 
emploj,ed malt exiwet and utareh in other forms .Still in the gener.i! trend of the 
reacUors naj be noted some similarity One lut'iwptuig point nlueh rm*nt work 
seems to indicate is that vorktng with punlied euzyi'e prejurat nns uiid a Jimri* 
definite substrate the leackon only appeara to be liaeai m the v’er\ esirly stag.u, the 
mam jj.irtiou jiroeeeding aect^rdiag to the loganfchtme law of umnudei ular reurtiuiw 
(cp p. 404) 
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wticli have been isolated as products of the action of malt amylase 
on starch, maltose stands out as a statical unit, and in all probability 
we must place in the same category the so-called iso-maltose, although 
this has not hitherto leen obtained m a crystalline state. The writer 
must, however, in this ease associate himself with Symewsb that the 
iso-maltose has the characteristics of a ^extnn. The malto-dextrms, 
on the other hand— the first member of which to be recogmsed was 
described by Herzfeld, its characteristics being more accurately defined 
later on by Brown and Morris — ^have not the same claims to be statical 
compounds as has maltose It is probable that the whole series 
exists in a colloidal state, tending more towards the character d 
definite chemical compounds m the lower members. The conception 
that these substanc'es exist associated m a kind of sohd solution is one 
which might explain the rule of defimte relation between the optical 
and reducing properties of these hydrolytic products, on which H T 
Brown and his colleagues have so strongly insisted , m a broad sense 
it is undoubtedly correct. 

The work to which the wrifer will have to draw attention this year 
has been carrie!j[ out with a knowledge of one particular factor, of which 
the earlier workers to say the most had but a vague notion. This 
factor IS the concentration of H -ions It is true that it was common 
knowledge that the results were influenced by the acidity of the medium 
as determined by titration against indicators, but this is not synonymous 
with the concentration of H -ions. 

B Viswanath, T. L. Bow, and P. A E. Ayyangar- claim to shifw 
the influence of certain salts on the liquefaction of starch Their 
method of experiment is to shake one gram of rice starch with solutions 
of the different salts of iV/10 concentration at 70°C for an hour, and 
subsequently digest the liqmd with 15 c c of malt extract for two hours 
at 30°C. The liquid made up to 100 c c is filtered with kaolin and 50 c c. 
of the filtrate hydrolysed with hydrochloric acid ; the dextrose is then 
estimated and calculated to starch. The results show the percentage of 
starch hydrolysed m presence of the substances employed to be as 
follows Distilled water, 44 91 % ; caustic potash, 67 '51 % sodium 
carbonate, 26 '62 % , calcium carbonate (suspension), 25 '04 % , hydro- 
chloric acid, 23 '00%; sodium sulphate, 22 06 % ; magnesium sulphate^ 
20 40 % ; sodiiun chloride, 19*00 %; calcium chloride, 13*50 %. 
The authors employed the temperature of 30°C. as on the evidence of 
Warth and Darabsett* there is no appreciable erosion of nee starch 


® MemoiTS Dept Agnc , IndicLf 4, [6"], 160 , J , 1916. S'lS. 
^ Ihd, 1914, 3, 135 , 1914, 433. 
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granules at that, temperature. It should he pointed out tliat amylo- 
lytic activity will be arrested in presence of NjlO solutions of caustic 
potash, sodium carbonate, and hydrochloiic acid, whilst the other 
substances will probably be without action at ZOV on the diastase. 

The production of glucose hy the protracted action of pancieatic 
amylase and of malt amylase (diastase) on starch is noted by H Sherman 
and P. W. Punnett.® They argue from the fact that glucose is produced 
even by the use of highly purified enzyme preparation that it is not to 
he attributed to the presence of maltase. The wuiter of this leport 
in several papers on the subject has pomted out that dextrose is one 
of the products of the protracted action of malt amylase on starch, 
and from the fact that its production was observed m the case of 
malt amylase preparations having no action on maltose, he concluded 
that it was not to be attributed to the presence of maltase. Finally^ 
production of glucose under these conditions has been noted by 
numerous other observers * 

Between the years 1904 and 1906 several papers wore published by 
Maquenne and Eoux in which the view is put forward that starch 
granules consist of a mixture of amylose and amylopecto. The exist- 
ence of these substances, although hy no means established, is accepted 
hy some. H. C. Sherman and J. C. Baker’ state that by centrifuging 
potato starch paste with a trace of sodium chloride, they have resolved 
it into a-amylose or amylo-pectin and /^-amylose (the amylose of 
Maquenne and Eoux) The a-amylose separated as a viscous, opales- 
cent layer, on which rested a hghter, clearer, and more limpid liquid 
contaming the j8-amylose. The latter solution was filtered, whilst 
the ^-amylose was centrifuged twice with a dilute solution of salt. 
Sherman and Baker have submitted these preparations to the action 
of enzymes. They measure what they call the amylocla,stic action by 
Wohlgemuth’s iodine method® whilst the saccharogenio action is 
measured by the production of ledncing sugar.® It was found that the 
production of maltose from jS-amylose by purified pancreatic amj'laHc 
follows the logarithmic law of nnimolecular reactions until three- 
quarters of the total (apparent) maltose has been formed, when the 
reaction slackens. Buiified “ takadxastase ” was found to possess, 
particularly m the eaily stages, a strong amyloclastic (in the author’s 

5 /, Amer. Chem, Soc,, 191(5, 38, lb7? , 1S16, 1075. 

® Compare Ann. EepoHs, 1916, X, 243 

? J. Amer CUm. Soc., 1916, 38, 1883 , J , 1916, 1076 

® Eiocliem Zeiisch,, 1908, 9, 10. 

® ep Slicrmaa and Sclilesmger, J, Amer. Chem 1913, 35, l7S4, 
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sense) activity towards ^-amylose, wlnlst purified malt amylase was 
cfiaracterised by its saccbarogenic efiect m the later stages of the reaction. 
With a-amylose (amylopectin) all three amyla!?es showed more efie?t 
in the earlier .than in the later stages probably owing to the formation 
of resistant dextnns. Malt amylase was found to produce more maltose 
than the other enzyme’s (60-80 % with (ji-amylose, and 85-95 % with 
/3-amylose) before the solution ceased to give the iodine reaction. 
Starch pastes made at low temperatures, starch hi^uefied under pressure, 
and Lintner’s soluble starch were found to resemble the a- rather than 
the /1-substrate in their behaviour towards amylases. The autSors 
conclude that Lintner’s soluble starch is well adapted for testing tbe 
activities of different amylases. 

H. C. Sherman kd J. A Walhei-i® i^aye studied the hydrolysis of 
soluble starch by highly purified malt amylase^ in neutral and acid 
solutions and m solutions containmg monopotassmm phosphate The 
amylase used had a power of 1060 on the author’s scale^** or of 1600 
on Lintner’s scale, Increase m concentration of the enzyme m neutral 
solutions not only produced more rapid hydrolysis but also increased 
the final yield o:|^ maltose. Addition of optima quantities of hydrochloric 
acid (0 0002 M), phosphoric acid (0 0005 M) or monopotassmm phos- 
phate (O’ 06 M) accelerated hydrolysis and increased the final yield of 
maltose, the effects being more marked with the smaller than with the 
larger enzyme concentration. The optimum H -ion concentration as 
produced by the three electrolytes was found to be pfl=4’4 (Sorensen) 
It is noteworthy that twice as much of a given electrolyte is requiiedTo 
produce this optimum reaction in 2 % starch solutions as in 1 / solu- 
tions, probably owing to the fixation of the H -ions by the starch or by 
the alkah added m the course of its purification As a result of a very 
large number of conversions the authors conclude that until about 
50 X of the calculated quantity of (apparent) maltose has been pro- 
duced, the hydrolysis proceeds m accordance with the logarithmic 
law of unimolecular reactions. Approximately hnear relations were 
observed only during the very early stages of hydrolysis. The^reaction 
constant k of the well-known equation of the logarithmic law : 

1/t log al{a-x) = k 

remains nearly constant under favourable conditions of acidity until 
about half the theoretical percentage of (apparent) maltose has been 

w J, Amr. Chem Soe., 1917, 89, 1476, J., 1917, 974. , 

See J, 1913,986, 1915,371. 

w See J., 1910, 1173. 
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produced, after wliicli it falls more or loss rapidly, the rate of fall 
depending to some extent on the acidity of the solution and the coii- 
centiation of the enzylne 

L Adler, woiking under difierent conditions fioni thoy' of Bheiman 
and Walker, found that the optimum conccntiation of H -ions for the 
action of malt amylase is hetreen 4*0 and 5 2. As the eoncentia- 
tion passes these limits m either direction the activity of the enzyme 
decreases rapidly. The effect of neutral salts he found to be small 
compared with that of the H -ion concentration. 

The work of Sherman and Walkei {loc cit ) having established the 
f^fct that sodium and potassium chlorides, nitrates, sulpliates, and 
phosphates increase the activity of “ highly purified ” malt amylase, 
their influence showing increases from the lowest eoneenliai.mn up to 
the optimum, A W. Thomas” studied the influtuice ol sodium <jnd 
potassium bromides. He found that these salts in eonetmt-rations 
below 0*2 grm. mol per litre reduced the acti\ii} of the enzyme, whilst 
above this concentration to the optimum tlicy behaved like the othei 
salts 

Working with a preparation of Merck's diastase ” M A. Kakiizin 
and C. D. Flier” found it to be soluble in vater to the e.xtent of 84 ' . 
The solution was optically inactive and gave the biuret, xanthoprotem, 
Molisch’s, and Ostromyslenskds reactions.” They found that about- 7 
of the “ diastase ” was adsorbed by moist alumina. Tiie adsorlied 
portion did not give Ostromj’slenski s reaction. None of the enzyme 
adsorbed by electro-negative kaolin. Bo far as can be judged from 
the abstract of this paper (ioc. cif ), tlie authors do not bring forward 
conclusive evidence in support of their suggestion that by adsorptum 
with alumina the particular enzyme preparation with which they dealt 
is separated into portions forming dextrin and maltose respectively. 

T Chrzaszcz and A, Joscht” have earned out a senes of expi'nments 
from which they conclude that there is no definite relation between 
the liquefying and saccharifying powers of malt amylase, and therefore 
that thesg two functions are to be asciibed to separate enzyme.H‘* 
The dextnn-formmg power may be a resultant of the two first-nami^d 
functions under conditions not yet determined. 

" Siocliem. Zeib, I91G, 77, UG, J , IUI7, 230, 

” Ikd , 1917, 39, 1.501 , <r., 15)17, 974 
J Sms Flip Chm 191G, 48, 3X1 , 1917, 3U0 

See J, 19ip, 433 

w Miem. Zeih, 1917, 80, 211 ; J„ 1917, 901 

“ See J, 1912, 1089 
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In the lecent work of J. L Baker and H E Hnlton on the com- 
position oi horse chestnuts and acorns, referred to on page 442, it maj 
be observed that those authors found an amylocHstic enzyme of strong 
saccharifying .but weak hq[uefymg power in horse chestnuts 'Acorns 
on the other hand showed only weak amyloclastic activity Many 
years ago Baranetzky* failed to find “diastase” m germinated or 
ungermmated acorns, and he beheved his negative result to be due to 
the presence of tannm 

Data are being accumulated m regard to the formation of enzynjes, 
produced on the one hand during the germination of seeds and on the 
other hand by the growth of bacteria on various media. In thesS 
circumstances some of the enzymes are found in the substrate— the 
endosperm m the case of germinatmg seeds, and the nutritive media in 
the case of bacterial growths— whilst otheis are found in the embryo of 
the seeds or in the bacteria themselves. The former group are the so- 
called endo-enzymes, typical of which are sucrase and amylase, whilst 
the latter gioup include the ekto-enzymes, typical of which are maltase 
and zymase 

A. Boldin an^ J. Efiront^* have protected a method for the manu- 
facture of enzymes and toxins by aerobic bacteria which are cultivated 
on media rich m assimable nitrogenous substances but poor in carbo- 
hydrates and fats, e g., soya-bean cake from wbch has been removed 
part of the fats and carbohydrates A very powerful liquefung 
amylase may be obtained in this way from B. tyrothm or B. subUhs^^ 
The second patent specification cited mentions B mesentencus or B 
suUilis. 

In a recent paper J Efiront-' states that by cultivating certain 
species of B mesentencus on spent grains and feeding cake freed from 
starch, he has obtained an amylase, which he designates as “ acro- 
dextrmase ” It hquefies starch paste rapidly, its optimum tem- 
perature being 40“C , at which a maximum of 40 % of (apparent) 
maltose is produced Its optimum activity is m a medium neutral to 
methyl orange, but it retains its activity m presence of 1 .grm of 
sodium carbonate per Htre On the other hand 0 1 grm of hydrogen 
chloride per litre completely arrests its activity. The author claims 
that it is possible to obtain from 1 kilo of grains a quantity of the 
liquefying enzyme equivalent to that m 20 kdos of good malt. The 

Eng Pafc , 16,198/1914 ; J,, 1915, 444 ; 191'?, 732. 

Eng Pat 23,738/1918. 

« Comjjfex lend , 1917, 164, 415 , 1917, 468 
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enzyme is repominendc^l for use in tlic toxlile iiulustnes and for tlie 
production of dextrin syrups from the residues of starch factories 
C M. Hiitclimson'and C S Earn Ayyai-- describe an enzymic 
substance halliar, prepared from ncCj powdered roots/ arid other parts 
of certain plants by Indian natives, and used m the production of 
Hindu lice beer {paclwai) ahd of the rice spiriti distilled from it It 
contains many mould fungi which saccharify starch, the most active 
being Aspergillus oiyza, besides yeasts capable of producing alcohol 
Thp saccharifying power of holJtm is said to be much less tlian that 
of Japanese h<yi, which is made from a piactically pure culture of 
^.speigillus onjscp 

A comparison of the jnelds of furfural foimed by distillnig liarleys 
and the malts obtained therefrom led J L Baker and H F E. Hulton^* 
to the conclusion that there is a small but distinct production of “ fur- 
furoids from “ non-furfuioid ” matters during the malt.mg process 
Barley embryos, when grown m the dark on sand moistened 'with 
sucrose solution, increased in “ furfuroid”'' content. Atlaclted to their 
own endosperm the embryos increased in “furfiiioid ” content corre- 
sponding 'with the loss of the same material sustained by the endo- 
sperm. Thus there is evidence of the existence of an enzyme capable 
of hydrolysing “ fnrfirroids.” It may be pointed out that J, Hruss^® 
showed that the cell wall of the barley endo.sperm is partially hydrolysed 
during germination. This cell wall, he adds, in all probability consists 
oiraxabanoxylan, since 1 Schulze found that the cell walls ui the <*ase 
of rye and wheat consist of that polysaccharide. L, A. Hawkins** 
shows that a filtered aqueous extract of the mould fungus Glomereila 
cingulata contains an enzyme capable of converting xylan into xyUm. 

Enzymes of According to T. Bokorny’-'” sucrase o! yeast is 
not injured when left m contact with absolute alcohol for several days, 
and he finds that it shows little sensitiveness towards acids. A I 
solution of caustic soda destroys the enzyme within 24 hours, but 
5 % formaldehyde solution does not. Maltase is very sensitive towards 
alcohol, being injured even by 10 aqueous solutions, ■wdiilat a 1 
caustic soda solution destroys the enzyme in a few hours ; 1 y/ •hydro- 

22 Mm Ifept.Agrh^Xndm,Ba(ifemhgical Sfrm, lSl5. 1, 137 j J., I'lK!, 751, 
2 * J Chm Soe Trans, 1917, 111, 121 ; I5U7, 398 

2 ^ Tlie U'^e of the term “furfuroid** instead of peiitohaii appears the Ttriter 
unclosmahle as it nught be taken to denott* “ rehomblmg furfural.” 

2'^ Woehmeh Brau., 1895, IS, 1257; 1896, 404 

2'' Amer J Aot., 1915, 2, 375, /, 1917, 063, 

‘-7 AUy, Brau- u Sopfen-Zeit , 1916, 50, 395, 433, 405; 1916, 900. 
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chloric, acetic, or lactic acid weakens it in 24 hours; and O’l^ 
formaldehyde also weakens it. W A. Davises ’tag 
is very widely distributed m plants, hut he points out that the failure 
to recognise it is^due to the fact that it is an endocellular enzyme, and 
that it IS extremely sensitive towards reagents. Bokorny {loc cit ) 
states that 50 % alcohil destroys zymase within 24 hours, further, 
that this enzyme is destroyed by concentrated solutions, hut that its 
action is stimulated hy dilute solutions of neutral salts. 1 % sulphuric 
acid destroys it in 24 hours, as does also 5 % lactic, acetic, or butyric acid 
Its activity is destroyed by 0’05% ammoma m 48 hours, and*by 
1 % formaldehyde m less than 24 hours. Bokorny also makes similai 
observations on emulsm, rennet, and myrosin, all of which may occur 
in yeast. * » 

E G. Griffin and J M. Nelson, ““ referring to Beard and Cramer’s 
observation^'^ that the activity of sucrase is dimimshed by the presence 
of glass beads in the reaction liquid, state that this is due to a lowering 
of the H -ion concentration by the alkah extracted from the glass. 
In the same way they expkm Eriksson’s observations" on the 
weakening of the activity of sucrase by the presence of charcoal, 
alumina, serum or egg albumin. In a later paper Nelson and Griffin" 
show that when animal charcoal or alumina is added to a solution of 
sucrase containing buffer salts to mamtam the concentration of 
H-ions, the enzyme is adsorbed but retams its activity. The 
enzyme re-enters solution when a colloid, sapomn or egg 
albumin, is added. • 

Continuing their work on the composition and formation of enzymes, 
H. Euler and E Lowenhamm,'*^ fermented solutions of sodium pyruvate, 
to which monosodium phosphate (a buffer salt) had been added to 
prevent any great change in the concentration of H - 10 ns, with fresh 
bottom yeast and the same dried to less than 10% of moisture The 
fermentative power of the dried yeast was 10-30% lower than that 
of the fresh yeast. Toluene was without effect on the dried yeast, 
but it increased the fermentative power of the fresh yeast three to 
fourfold. It will be remembered that Euler and Johansson, and Euler 
and Cramer, succeeded in increasmg the sucrase content of yeast hy 

« Modem J, 1916, 10, 31 
» J, Amer. Chem Soc, 1916, 38, 722, 1916, 702. 

^ Froc. Royal /Jok, 1915, 88, R , 576 , J , 1915, 677 
" Z physiol Chem., 1911, 72, 313; J, 1911, 914 
« J, Amer Chem Soc , 1916, 88, 1109 , J, 1916, 702 
Z, physiol Chem , 1916, 07, 279, J, 1916, 1280 
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cultivating it m ccifeain na-diu®' ciiltnuting yeab{ in nutiient 
solutions of sodium pyvuvate they succeeded m ineu'asing ilu' tarb- 
oxylase activity by about 20 % only 
In a paper by E Abdorhaldcn and A Eod(U,*“ an iwpernnciital 
study IS dcsciibed on ilie action of yeast iiiaceiaiion juuv^^on diibneni 
polypeptides at dilleient eoncentiations of r 11 -ions The le, suits 
support the view that cnzynies act as colloidal catahsis in a similar 
manner to the moiganic catalysts iinesiigated hv llredig Tiun arc 
not in haimony with tlie view that an cnzvine is iuti\e tow.iuls a 
defoiite grouping of atoms 

C Neuberff and E Earbci®^ find that 5 siig.ii soliUnm (‘an he fer- 

r, ° 

mented completely by yeast maceration juice in pies<'nc(‘ of n I- 
0 2 grm -mol. of sodium oi potassium caibtmatc, polas.Muni ini'taiuuati', 
or tnpotassimn phosphate, or 0 02 grm -mol of sihIhuu or }iotii''smm 
sulphite per litre when these suhstanccs aie added htdore ftnunimta- 
tion has commenced When the addition is made after humcntation 
has started, twice the quantity of the siib.stance.s (l()c.s not pi(‘\ent 
complete fermentation ^ 

According to T. Botorny*® yeast cells may be killed illu mt dest ro\ ing 
the activity of zymase bv treatment with 0*1-1).“/ sohiiions of 
sulphuric acid, ammonium and sodium flourides. formaldehyde, ftu'rous 
sulphate, ammonium oxalate, potassium chlorate, chloroform, efluT, 
etc. The washed and dried preparations arc similar t{> so-called 
acetone yeast.® ® 

Jl. Harden*® shows that zjnnin (acetone yeast) and dru'd Vf'ast 
rendered inactive by washing out the co-enzyme regain tiuur acliMty 
by the addition of potassium pyruvate and a jdiosphatio ('arliox) law 
has been shown to be unaffected by washing, and since actdaldt‘h}d«' i.s 
the first product of the action of this enzynnt* on pyruvate it was 
thought that acetaldehyde might also restore the actuity of the yeast 
preparations. This was found to be the case in presence of potassium 
or ammonium phosphate (not with the sodium salt) Hence it vould 
appear that K’ and KII) -ions possess a specific function not .bhured 
by the Fa’-ion, which is in accord witli tlie fact that sodium phosjdiate 
cannot replace the potassium salt in a culture medium for j't'ust. The 

S^e/., 1912,215, 19M,t)7 
® Fe! meniforschmf, 1916, 1, .*>33, ./ , 1917, {>G3 
Lebcdeff, m Annml Feporfs, 1, 217 
^ Biochm Zeds , lUlG, 78, 23H , J , 1917, .915 
® Allg Brau-u, JSopf-Zed,, 191(5, 56, 1547 , J., 1917, -300. 

''® A E. Bacliner aud S Eapp, Bfr , 1902, 36, 2376 
« Biochm, J, 1917. 11, Gi; 1017, 731, 
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experiments support tlic view tliat acetaldehyde is an intermediate 
product m alcoholic fermentation, and that it' may be the co-enzyme 
of yeast juice , * 

Ilof Resins and Oih —■I’ W WolfE^^ distils hops at a temperature 
below lOO'^C. in a current of steam containing alcohol (produced by 
passing steam through 8 % alcohol), by which means the oils are 
volatilised and carried over They are next subjected at a low tem- 
perature to vapours produced by passing steam through 67 % alcohol, 
which condense on the hops and extract the soft resins. Finally, the 
hops are submerged m warm water (with or without a small proporion 
of alcohol), and then acted on by the vapours of low alcoholic contenj 
to dissolve the hard resins. An apparatus for carrying out this process 
is described. 

Caramel About fifty years ago Gelis obtained three substances— 
caramelan, Ci 2 Hi 80 ci , caiamelen, C3(,H48024 ; and caramehn, C 24 H 2 t)Oi 8 , 
by heating sucrose at 180°-190°C When the heating was stopped 
at a stage when the loss in weight was 12%, the product con- 
sisted chiefly of caramelan ; .>with a loss of 15 % the product was 
mainly caramelen j whilst with a 22 % loss it consisted almost 
entirely of oarahielm. M. Cunningham and C. Boree^® have studied 
caramelan. By heating sucrose as above mentioned they obtained 
besides caramelan, furfural, pungent acid vapours, and carbon dioxide. 
Caramelan is a brown gritty powder, very hygroscopic, and melts at 
136°C, It is readily soluble m water, and fairly so in 84 % alcohol ; 
It reduces silver nitrate and Fehlmg’s solution A conoentra1»d 
aqueous solution acidified with hydrochloric acid gives on addition of 
resorcinol a red precipitate, soluble m alcohol and alkalis. Phloro- 
glucinol gives a similar precipitate, but of a deeper colour. It is 
probable that the above-given formula should be doubled Concen- 
trated non- oxidising acids convert caramelan into caramehn. Weaker 
acids produce dextrose, methylfurfuial, and humic acid. 

Qompsitim of Rmrs,-k very comprehensive Builetm has been 
published by the U S Department of Agriculture, Bureau of Chemistry," 
giving proximate analyses of a great number of different types’ of beers 
brewed m the Umted States. The work was carried out by L. M. 

* Eng. Pat. 107,155/19165 «r., 191/, 936. 

42 ■writer would pomt out that the commercial colouring matter known as 
caramel IS obtained by heating sugars m presence of certain other snhstanees 
consequently what applies to sugar heated per ee maynot, and probably does not 
apply to the commercial product. 

" Chm Soc. Trans ^ 1917, 111, 589 J" , 1917, 973. • 

" Bull. No. 493 , see 1917, 900, 
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Tolman and J G Rdcj” Access was secured to seveial bi'cwories 
mabng becis from vanoiis raw materials The auliiors find ihai thcie 
is'' a very sliaip line of demarcation between the all-malt ])cer.s and 
those made from mixtures of malt, maize, rice, and corn piotiuets 

starch sugars). The losults show that the peireuiage i>f ] a (items 
(Nx6 25) IS more sharply reduced by the u.se o* malt substitutes than 
is the ash or phosphoric acid, although vhere corn (maize) or ‘ certhn ” 
was used there is a marked reduction m the percentage nf plio.N])horic 
acid. The authors point out that J. Kaoc,** working with Knglish 
boer^, found a reduction of proteins by the use of malt .''tilistitute.s. u.s 
they themselves found How'evei, the all-mait beers lirewed in the 
United States contain more proteins than those brewed tn Kurope 

J. S. Sharpe*' earned out an investigation with s(.mc i^peml Dntisli 
beers to ascertain the quantitiCwS of tlie dilTeieiit c]a^^^e^ of nifrogenmis 
compounds present Unfortunately lie does not state the ongiuai 
gravity of the beers he examined. A summary of his results is given 
on the following page 

He also extracted 0 01 of an alkaloidal oily substance, which gave 
many of the reactions of comine, from stout and smaller quantities 
from the other beers This, together w-ith a minute quantity of anotlier 
oil (perhaps betaine), is said to account for the small spiantity of 
nitrogen shown as undetermined in the table. 

^ Analysis. 

Wew.— Apart from freedom from contamination which is of 
paramount importance m all waters required either directly or in- 
directly for potable purposes, the greatest attention is now being paid 
to the saline constituents as influencing the activities of malt enzymes. 
R. Emslauder*’ points out that every enzyme has an optimum tem- 
perature, and an optimum concentration of H’- or OH -ions of the 
medium in which it acts The influence of a bre\?mg water may 
accordingly be favourable or unfavourable towards the activity tif a 
given enzyme, according to the character of the salmc matter it 
contains. The transformations due to enzymes which occur in brewing 
require, in every case, a slightly acid medium. Carbonates are to be 
regarded as “ bufier salts ” or “ reaction regulators,” since in their 
presence the small quantities of acids derived from the malt scarcely 

J, 1908, 544. 

Itoeiem., i., 1917, 11, 101 j J., 1917, 1069. 

« 2.ges.Sram., 1916, 39, 137. 
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afiect tlie concentiation of H-ions. Without these bufters a very 
small addition of acid would cause a very great increase m the con- 
centration of H-ions. It therefore follows that wateis containing 
very different quantities of carbonates have nearly the same con- 
centration of H'-ions, so that the point of paramount significance in 
a brewing water is the quantity of total schds, and especially the 
carbonates which it contains. Instead of the tedious and difficult 
gravimetric -method of estimating total solids in a water, Emslander 
advocates one based on the measurement of electrical conductivity, 
an^ he describes a method devised by Doroschewsb and Divoianczyk.'^s 
^he electrode is a pipette having a globular enlarge^nent (3 inches in 
diameter) and provided with a stopcock below it The electrode 
connections are scaled through the walls of the bulb, and the wires 
carried upwards in two glass tubes are also sealed to the walls so that 
they are not wet when the apparatus is immersed in the water bath 
The two electrodes consist of sheet platinum. The apparatus is 
immersed in a large water-hath maintained exactly at ]8°C1, the 
measurement of resistance being made by the Wheatstone bridge 
method Eor standardising the apparatus a N /50 solution of jiotassium 
chloride is recommended. This has a specific conductivity of 0-002399 
reciprocal ohm This number, multiphed by the resistance found in 
standardising, is the resistance capacity of the apparatus, and in all 
subsequent determinations with waters the specific conductivity is 
found by dividing this resistance capacity by the observed resistance. 
T^e formula for the calculation of the total sohds in a water is •— 

M = CM0^ 

where M is the total sohds m parts per million, h is the specific con- 
ductivity and C a constant, usually 0-695 at 18°C , but for soft waters 
of high chlorine content (50 parts per million) it is 0*670, whilst for 
hard waters of low chlorine content (20 parts per miUion) it is 0-725. 
For other details of the method, see J, Inst. Brewing^ 1916, 22, 504. 

In a paper by S Judd Lewis, Messrs Murphy and Lonsdale insert 
some paragraphs^® recommending the speetrographio analysis of 
brewing waters They state that they have obtained unmistakable 
evidence both in the mashing process and in the fermentation itself 
that certain elements, which have not been previously suspected, 
exert a very definite influence, ilon-metallic and even rare con- 
stituents which have been discharged into the atmosphere from foun- 


J Qhem, Soc., 1913 , 45 , 1489 . 

« J,, 1916 , m2. 
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dries, smelting works and suck-like estabhslmients, are mentioned. 
It IS profoundly to be desired that tbis eindencc may be published at 
no distant date. Bare statements of the kind cannot be accepted* 
Moisture — The 'fact that when calcium carbide is moistened with 
water a defimte volume of acetylene is evolved was first suggested by 
P V Dupre as a basis for tbe estimation of moisture in ammonium 

t 

oxalate, and later m cordite The same prmciple has since been 
applied for the estimation of moisture in numerous other substances 
W. Windiscb and M Glaubitz®^ find, for example, that the carbide 
method is a convement one for the estimation of moisture m®bailey, 
hops, malt cqmbs, and yeast The apparatus devised by Campi)ell“ 
IS employed The results are found to be slightly higher than those 
obtained by (Dying at 105'^C Tbe method, it is stated, can also be 
used for the estimation of moisture in sugar solutions if the latter 
arc previously absorbed by bibulous papei P Pctit^® also proposes 
to make use of this method for the estimation of moisture m barley, 
malt, and the like He describes a simple apparatus for cairjing out 
the determinations, which (Jan he constructed readily m the laboratory 
The results are within 0'5% of the truth. They are calculated from 
the volume 'of mineral oil displaced by the acetylene generated, or 
from the pressure of the acetylene Naturally the experiments must 
be conducted at a constant temperature (140° I is adopted by Petit), 
and every operator must standardise his apparatus by a senes of tests 
with materials of known moisture content 
Alcohol — N Evans^* has determmed what he denotes the teihng 
and condensing points of mixtures of alcohol and water. A table is 
given representing the results obtamed with 43 difierent mixtures 
smoothed out by curves In each experiment 600 c c of the mixture 
was distilled from a Wurtz flask of 1 litre capacity at such a rate that 
one drop passed over per second. When 15 c.c. had passed over dis- 
tillation was stopped and the composition of the distillate was taken 
as the vapour phase The average of the composition of the lii^uid 
before distillation and of the iiqmd remaming m the flask after dis- 
tillation was taken as the hqmd phase The temperature of the vapour 
in the neck of the distilling flask just below the level of the side tube, 
when one-half of the 15 c c had passed over was taken as the boiling 
point of the liqmd. By means of the table the composition of any 

50 Analyst, 1905 , 30 , 266 , 1906 , 81 , 213 , J, 1905 , 940 , 1906 , 780 . 

Woohenseh Srau , 1915 , 32 , 389 , 1916 , 482 

52 J , 1913 , 67 . , 

55 ^tasserie et Maltene, 1916 , 6 , 97 
^ J. Ind. T^%g CJiem , 1916 , 8 , 260 , 1916 , 483 
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mixture of alcoliol and water may he approximately deduced from its 
boiling point. Tbe table includes hqmds containing from 91 ^ by 
weignt of alcobol to ml.^ It will be noted that tbe author only claims 
approximate accuracy, whilst it should be remenibered that highly 
accurate results may be obtained much more .expeditiously by the 
specific gravity method ^ ^ 

A. W Dox and A. E. Lamb’® suggest for the accurate determination 
of alcohol, aspmatmg air (at the rate of 25 litres an hour for 8-10 
hours) through an aleohohc hqmd saturated with ammonium sulphate, 
absorbing the alcohol m concentrated sulphuric acid, and finally oxi- 
dising it with bichromate The resulting acetic acid is estimated in the 
distillate by titration with standard baryta solution Acetone is but 
slightly oxidised under these conditions, but esters mhst be estimated 
separately. 

W. F. Caithaus®® draws attention to the error involved in the estima- 
tion of alcohol pyknometncally by the distillation method owmg to the 
passmg over of volatile constituents from the hops. This is confirmed 
by G E, Thevenot®’, who suggests as a refiiedy making the fermented 
liqmd alkalme before distillation. On the other hand A. Fonyo®* 
failed to detect any acidity m the distillate of a hopped hqmd He 
found that the error due to hops was not aSected by the addition of 
calcium carbonate before distillation 
A. Fonyo®® describes a number of determinations in hopped and 
unhopped worts to which up to 0'5 % of alcohol had been added 
The ^oits were distilled and the specific gravities taken and also the 
readings of the Zeiss-Pulfnch refractometer The pyknometrio 
results showed no alcohol m the unhopped wort, but the hopped wort 
containing no alcohol showed 0*04 %, whilst the results for the hopped 
worts containing alcohol were all high to the same extent, which is 
attributed to traces of volatile hop constituents (vide supra). The 
lefractometer results were accurate up to the limit of sensitiveness, 
0 '08 It is pointed out that an error of 1° 0. in the temperature pro- 
duces an error of about 0 2 ^ in the apparent alcohol content. Bacon’s 
method'^ was found satisfactory for worts containing sTnall quantities 
of alcohol 

” J Awer Chm Boc., 1916, 88, 2661 , 1917, 42 

Comraume Master Brews’ issoe , J Inst. 1917, 23, 257 

IM., 258 

Amer Brewm' J, 1917, 4-1, 142, 1917, 515. 

® cf. iekermanii and Sfceinmann, <7., 1905, 563 , Barnard, 1907, 707 
J., 1912, 42. 



PERMElTTATrOIT BTDTrSTEIBS. 


421 


Detection and estimation of small quantities of methyl akoJio in ethyl 
alcohol. — B Elvove®®, employing Deniges’ method,®® finds that the 
delicacy is increased by reducing the proportion of ethyl alcohol toti 5 % 
by volume, httle as O'l mgrm of methyl alcohol m 5 c c.-then giving 
the coloration with Schifi’s reagent after standing for 40 minutes. 

Acidity,— k. Reichard®^ recommends the employment of two indi- 
cators— litmus and phenolphthalein— m titrating barley and malt 
extracts, worts, and beers He pomts out that the mcrease in acidity 
associated with the first stages of germmation m the malting pgoeess is 
due mainly to the formation of very feebly acid substances which react 
towards ph^plphthalein but not towards litmus The a^dity 
developed duriijig the fermentation of wort, on the other hand, is due 
mainly to substances which react towards litmus He is of opimon 
that the stability of a beer depends not so much on the total acidity 
(determined with phenolphthalein) as upon a high litmus acidity in 
relation to total acidity. 

Starch —Ewers’ acid hydrolysis method of estimatmg starch was 
referred to in the previous Report®*. C. Baumann and J, Glrossfeld®® 
make use df the fact that starch is completely precipitated by lead 
tannate when the latter is formed in the starch solution, to correct for 
the optical effects of other substances on the accuracy of this method 
The starch having been dissolved, basic lead acetate and tannin are 
added. The filtrate is then submitted to Ewers’ conditions of hydro- 
lysis, whilst a further portion of the sample is submitted to t^^ same 
treatment without addition of lead tannate. The difierence between 
the optical rotations of the two liqiuds is then calculated to starch. 
T von Eellenberg®’ proposes to estimate starch hy a direct gravimetric 
method depending on heating the starch with 50 % calcium chloride 
solution, and adding N 150 lodme to the filtrate (a large excess of iodine 
must be avoided) The precipitate is collected m a Gooch crucible 
and washed with alcohol first of 85 % strength till colourless, then with 
alcohol of 90 % strength, and finally with hot and cold alcohol succes- 
sively. The crude starch is weighed dry and corrected fo? ash. 

Pentosans — J. L. Baker and H. E. E. Hulton®® have further revised 

® J Ind Mg Clem , 1917, 9, 295 , J, 1917, 408 

“5 7,1910, 585 

M Ze%U ges Srauw , 1916, 89, 313, 322, 329, 337, 345, 353; 7, 1917, 399 
^ol 1, p 258 

Z Unters Fair. Cemssm , 1917, 33, 97 , 7, 1917, 662 
Mitt. LelenmUehnfm. Syg,, 1916, 7, 369 , 7„ 1917, 93^. 

Analyst, 1916, 41, 294 , 7., 1916, 1127. 
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PIuhiFs method of estimating pentoses and pentosans'-® winch was 
modified by Eynon and Lane The method depends on distillation 
with^ hydrochloiic acid tinder the conditions laid ^ down by Tollens, 
neutralising an aliquot poition of the distillate, heating with an excess of 
Eehlmg's solution in a boihng water bath Eynon and Lane heated 
the mixture over a flame. When the heating is conducted in a water 
hath the correction for sodium chloiide is much less 

Amino-mtrogen.—A. modification of Van Slyke’s method for the 
gasometric estimation of ammo-nitrogen in worts, &c , is described by 
E. Emslander “ 

IrM'ference Yefiaetomeiei — The prmciple of instruments depending 
on interference of light is described by R S Willows Great delicacy 
IS attainable by such instrmnents, which are based on Lord Rayleigh’s 
discoveries in 1896 These instruments arc now manufactiiied by a 
London firm. The use of such an instrument m the bieiveiy laboratory 
IS discussed by L. Adler and H. Leurs ’* 

Agricultural Experiments 

Barleys —An interesting account is given’* of field oxpepments with 
different varieties of oats and barleys, carried out at Cockle Park ; the 
Harper Adams College; Carforth, the Midland Agricultural College , 
also in East Suffolk , and Essex. As regards the barleys, the results 
appear to point to the superiority of Goldthorpe types in the northern 
experiments, and to some extent this is true in the case of the Midland 
expermients where Chevalliers, more especially the Archer variety, 
although producing the heaviest yield, gave a gram which m dull 
seasons was not of the best quality , in East Angba Chevallicr types 
seem still to hold their own. Accurate deductions are, however, difficult 
to make, as the points to be considered are not only yields, but also 
malting qualities 

Since the year 1906 numerous papers have been published by 
H Schjermng, dealing with the metabolism of the proteins of barley 
dm mg the malting and brewing processes.’® In a posthumous paper 
published m conjunction with J. Hempel’* an account is given of an 

•''' Chm WeelhlacI, 1910, 7, 1057 
See /, 191L', 259 

ZeU^ ges , 1910, 39, 265 , J, 1917, 399 
J Ivsf Brewing, 1917, 33, 459 

Zeiis ge^ Btamo , 1910, 39, 17, 2o, 33, 41 , J, Jnsf Buiomg, 191C, 32, 504 
J Board of A gi u ‘ , 1917, S3, 1056 
See Ann Beporfc^, 1, 240, 252 

Comptei rend T)av Lai CmUlerg^M1,ll^Z2,Z , J., 1917, 973. 
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investigatioiij tlie object of wlucb was to ascertain wlietber tbe malting 
quality of a bailey is hereditary, and if so how far it may be afiected 
by the nature of the soil The pioblem is left practically unsolved, 
as the data at pi;esent accumulated are insufficient One of the .varieties 
studied, however, namely, Golden barley, appeared when malted to be 
characterised by deficiency in the power of producing enzymes. It 
would seem that size of 'corn is a racial characteristic. 

Hops — In a comprehensive paper on the value of hop breeding 
experiments, E S Salmon” brings forward his own evidence as also 
that of other observers, whom he quotes, eg , 3 Topham Eichar(fson, 
S Smeed, W. W. Stockberger, G. Arnold, and J Schmidt, to sh(w 
that the aroma of hops is a racial characteristic which does not change, 
as some Have asserted, when the hops are transplanted, as cuttings, 
to other countries. He has been engaged for many years in attempts to 
obtain hybrid hops which have definite characteristics Here, how- 
ever, a great difficulty is encountered, for the hop is a dimcious plant. 
Hence Mendelian principles cannot be apphed, for the characters of the 
female plant alone are known' those of the male plant being a lottery. 
Breeding experiments m the case of hops are therefore largely a matter 
of chance As an instance of this Salmon quotes an interestmg episode. 
A certain hop picker emptied out the crumbs from her dinner basket on 
to her garden, and by chance a hop seed w^as among the crumbs. This 
grew up to be a seedling, the valuable character of which Mr Fuggle, 
of Brenchley, had the good sense to recogmse. Hence arose the Fuggles 
hop The most recent achievement of Salmon is to have ohtamn^I a 
hop which is resistant to mildew {Sphaeroiheca Eumuli) ” 

F Ancker” quotes field experiments of several farmers on the manui* 
mg of hops with special reference to the efiect of potash salts. Generally 
it was found that 75 lb. of potash salt (40 % “ Eakdungesah ” ) per acre 
(the quantity of sulphate of ammoma and superphosphate being kept 
constant) produced not only the best yield but the best quality of hops 
When, however, the quantity of potash was raised to 115 lb per acre, 
the yield of hops was further increased, but tbe quality was mferior, 
probably owing to a greater development of leaves 

Malting. 

Although remaimng largely an empirical art, additions to 
our knowledge m the domain of plant physiology are surely if slowly 

77 J Inst Slewing, 1917, S3, 60. 

73 J Ague Science, 1917, 8, 455. * 

Woehen'ich Brau , 1916, 33, 273 
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tending to help in gmn^ us an accurate insight into the nature of the 
changes which occur during the malting of gram When some 30 
/ears ago the system ^of pneumatic— or to describe it more correctly 
mechanical — malting was proposed by Galland, it was, anticipated that 
it would m time replace the time-honoured flooring system, as it tended 
towards maVmg the maltstpr independent oi external changes in 
weather conditions and also held out the prospect of enabling him to 
continue malting throughout the entire year Yet, despite numerous 
improvements in the mechanical system, the fact remains that the hulk 
of the malt used m this country is still made on the floors. Perhaps 
one of the chief reasons that the new system has failed to replace the 
old is that its’ pneumatic features have been abused. Aeration has 
been adopted at stages of the malting process at which it was not re- 
quired, nay, at which it was actually harmful In discussing a paper by 
i. Sleeman, who has done much to develop so-called pneumatic malting 
m this country, H. T. Brown*® pomted out that the really weak point 
in pneumatic malting, putting all questions of cost on one side, appeared 
to him to be the difficulty of chechng tAe respiratory processes of the 
gram towards the finish of germination The couches^ could only be 
cooled by passing through them an abundance of air and this at a time 
when it was necessary to check respiration and the formation of new 
tissue by the plantlet He observed that on the old flooring system the 
couches were kept down in temperature by a certain amount of radia- 
tion from the surface layers, but mainly by the constant and large 
eveporation of water which was going on from the surface of every 
grain of malt. It was only occasionally at the time of turmng that 
each gram was bathed for a short time with a Ml supply of air As 
the malt laid m the couch, especially m the later stages, each corn 
surrounded itself with an atmosphere extremely poor m oxygen and 
very nch in carbomc acid. This carbonic acid was only replaced with 
air by the slow processes of gaseous diflusion and the partial asphyxia 
tion of the embryo so brought about, retaxded the respiration and conse- 
quently the active growth. Such checking of respiration by the limita- 
tion of air was, said Brown, very necessary for the production of first- 
class malts, which were required for the infusion processes of brewing ; 
for it was at this period that the several enzymes which were secreted 
by the embryo got an opportunity of thoroughly permeating the 
endosperm, so producing that mellowness in the green malt, and that 
friability in the finished malt, which was so characteristic of good 
samples. ^ 
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Tlie writer of tbs report is quite convmced, of the truth of Brown’s 
statements, and he has insisted for many years on the value of wither- 
ing m the production, of well modified malt, hasihg Hs views on esperi- 
mental data.?^ -'The promoters of the pneumatic process have endea- 
voured to remedy the ’defects in the process by suggesting that the 
early stages of blmng ^ould he carried out on an ordinary kiln instead 
of m a drum, the final curing bemg conducted m a special drum. This, 
it must be admitted, has constituted an improvement, but the fact 
still remains that what may he termed the floor withermg is not pro- 
vided for and would still be conducted m a drum under conditions of 
some aeration A considerable advance has been made by the Kropff 
system, which consists in allowing the barley to germinate either on 
the floors or m a drum and conducting .the final stages of germination 
in a vessel (usually a box) in wbch the carbon dioxide produced by 
respiration is allowed to accumulate for periods of 12-24 hours, after each 
of which periods the piece is aerated Eeports on the process have been 
published by C. Bleisch,®^ and by F Schonfeld.®* L. Adler malted 
a sample of 1914 barley by the floor, drum, and Kropff systems respec- 
tively, and conojuded that the Kropfi malt was the best m every respect, 
the floor malt coming next 

L. Pierre®® suggests that, m the Saladin box-malting system, when 
mechanical turners cannot be installed, instead of several boxes, a smgle 
long box divided below its false bottom mto as many compartments 
as there are days of germmation should be adopted. All the com- 
partments commumcate with an air-duct in such a way that the su^ly 
of air to each can be controlled at will independently of the others. 
The arrangement really represents a “ senes ” of Saladin boxes without 
dividing walls between them, the width of each compartment being 
such that the grain can be transferred from one to the next by a single 
throw of the shovel The steeped barley is first loaded on the false 
bottom of the first compartment until after the eighth it is discharged 
from the last compartment. This author falls into the error of many 
others of assuming that the cooling agent in every malting system is. 
air : it is not Air is the vehicle which takes away the moisture and 
it is evaporation which lowers the temperature. 

Steeping — L. Pierre {loc-cit , 1917) draws attention to the advantages 
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attending the addition of hydrogen peroxide to the steeping cistern m 
promoting gerinmation He beheves that other less costly oxidising 
dgents might also be used In this connection the observation of 
Czerny?® that the use oi hypochloiite in the steeping .cistein improves 
the germination of barley may be recalled 

SpnnUmg With acid fJiosfliale.—'P Lchinanfi*'’ describes an experi- 
ment in which a piece of green malt ]ust commencing to chit was 
divided, one 'part being sprinkled with plain water and the other with 
a solution of acid phosphate twice daily until the final stage of ger- 
mination was reached The piece treated with the phosphate had a 
fresher, cleaner odour, than the other ; and althoughTboth received the 
same treatment on the kiln, the finished malt froni the former was of 
a better quality, paler m colour, and yielded in the laboratory 1 5 % 
more extract than the malt sprinkled with water only 

Malt hlns — P Petit®* draws attention to certain defects in malt 
kilns, the multiple floor kiln being m his opinion bettei than the single 
floor kiln. He suggests that better draught nnght be obtained by the 
employment of a suitably modified drum or case for the early stages 
of kilning Such a case should be capable of receiving green malt 31- 
35 mches m depth, and heated air should be drawn through this case by 
means of a fan In another paper** he adduces arguments which load 
him to the opinion that the kiln need only consist of a simple casing 
with a metallic floor, surmounted by a chamber of buck or masomy 
provided with a short chimney , further, that the floor need only be 
a tSiort distance above the ground 

L. Pierre*® states that in France the method of heating kilns by 
radiators has replaced that of passing the products of combustion 
through the malt He considers the older method preferable on 
economic grounds, provided the kiln be properly constructed 

It should be pointed out that in Great Britain the most common 
fault IS too rapid drying, and more especially the use of too high 
temperatures at the early stages of kilning Economy m drying must 
give place to methods which will produce the material required by the 
British brewer, which is well knovm to be very diftercut from that 
employed abroad. 
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